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The Helm Wind of August 19th, 1886. By William Marbiott, 
F.B.Met.Soc., Assistant Secretary. 

[Bead November 18th, 1885.] 

At the request of the Council I visited the Helm Wind district on August 
19th to 21st last, in company with Mr. T. G. Benn, F.B.Met.Soc. We 
drove through most of the villages between Cross Fell and the river Eden, 
and also went over Hartside Fell to Alston, on the eastern side of Cross Fell. 

We made numerous inquiries at each of the villages as to the appearance 
of the Helm Cloud, the Hehn Bar, the peculiarities of the wind, and its 
effects, &c. By this means we obtained a great deal of information of the 
havoc Helm Winds were reported to have done ; it was, however, very 
difficult to reconcile all these statements, and to form a correct idea of the 
phenomenon. We were frequently told that haystacks were sometimes 
overturned, men on horseback blown out of the saddle, and other damage 
done by the wind. A lady informed us that once when travelling in the 
train on the Midland Railway, near the foot of the Fell, when the Hehn 
was on, she saw a great quantity of soil in a field close by carried up into 
the air by the wind. 

We also learnt that a statement had appeared in a local newspaper that on 
one occasion the Midland Pulman express train was stopped by the fury of 
the Helm Wind. On making inquiries at the railway station where this was 
reported to have happened, we were informed that no such occurrence had 
taken place, and that it could only have existed in the imagination of the 

mw SBSIES,— TOl.. m. ^ 



Digitized by 



Googk 



2 MARRIOTT — THE HELM WIND OF AUGUST 19tB, 1885. 

reporter. The railway officials, however, stated that the engine drivers have 
great diffiooltj in getting along with their trains when the Helm Wind is 
blowing. 

At very few places could we get precise information as to what the persons 
had actually seen or experienced : the statements being very vagae, or con- 
sisting of what they had been told by other people. The conclusion we 
arrived at was that past accounts were of little value, and that observations 
must be made on a systematic plan in order to obtain reliable data to throw 
light on the cause of the Helm Wind. 

By reference to a map of the district, it will be seen that the Cross Fell 
range is continuous, and runs from North-north-west to South-south-east 
without any break or valley until its termination at Brough. On the east, 
for the most part, there is a high table land with dales and valleys, but on the 
west there is an abrupt fall of from 1,000 to 1,500 feet in about a mile and 
a half. At the foot of Cross Fell on the west there is the Yale of Eden, a 
plain some twenty miles broad extending to the hills in the Lake district. 

The chief features of the phenomenon are the following : — On certain oc- 
casions when the wind is from some Easterly point, the Helm suddenly 
forms. At first, a heavy bank of cloud rests along the Cross Fell range — 
at times reaching some distance down the western slopes, and at others 
hovering above the summit ; then at a distance of one or two miles from the 
foot of the Fell there appears a slender roll of cloud suspended in mid -air 
and parallel with the Helm Cloud ; this is the Helm Bar. A cold wind rushes 
down the sides of the Fell and blows violently till it reaches a spot nearly 
underneath the Helm Bar, where it suddenly ceases. The space between the 
Helm Cloud and the Bar is usually quite clear, blue sky being visible ; at 
times, however, small portions of thin vaporous clouds are seen travelling 
from the Helm Cloud to the Bar. The Bar does not appear to extend 
farther west than the river Eden. 

Fig. 1 gives a section of the Cross Fell range and the Eden valley, and 
shows the position of Helm Cloud and the Bar, with the direction of the 
wind. I am indebted to Mr. R. W. Crosby, of Kirkby There, for this 
diagram, and he says that sometimes the whole valley is covered with a sheet 

Fig. 1. 
High Clouds Nearly Stationary. 
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MABBIOTT — THE HELM WIND OF AUGUST 19tH, 1885. 8 

of dond which stretches from the Bar to the Helyellyn Range. Through 
the clear space hetween the Helm Cloud and the Bar, clouds at a oon« 
siderahle altitude are sometimes seen, which appear to he nearly stationary. 

On August 19th, Mr. Benn and I ascended Cross Fell in company with 
Mr. R. W. Croshy and his nephew, and when descending in the evening 
we were so fortunate as to witness a slight Helm. We left Kirkland at 
8.46 p.m., when the temperature of the air was 66®, the wind blowing 
lightly from the North-north-east. At 5 p.m. we were 1,960 feet above 
sea-level, the temperature being 67®, and the wind blowing steadily from 
North-north-east, force 4. By 6 p.m. we had reached 2,670 feet above sea- 
level, when the temperature was 62®. We gained the summit, 2,980 feet 
above sea-level, at 6.40 p.m., a few minutes before a mist came on and ob- 
scured the view on the east side of the Fell. The air became much colder 
and damper, and the wind stronger ; the temperature was 46®, and the wind 
North-north-east, force 5. 

Fig. 2 gives a section of Cross Fell, with the temperatures observed during 
the ascent from Kirkland to the summit of the mountain. 



AUGUST 
. i885. 




Milks. 

SeCTION OF Cross FCLL with TEMPSRATURE OSSBRVATIONft 

This sudden fall in the temperature was the first indication of the for- 
mation of the Hefan ; the misty cloud soon covered the top of the Fell, and 
the wind increased in force as we descended till it reached force 6. About 
8 p.m. we saw the Helm Bar suspended in mid-air a little below our level, 
but away over Melmerby, Ousby, Kirkland, Milbum, &c. 

I have endeavoured in Fig. 8 to give a rough sketch of the Bar as seen 
from Cross Fell» The Bar was really in two parts, there being a decided 

Fia. 3. 
Motion to Nqrtn Motjon to South 
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4 .MARRIOTT — THE HELM WIND OP 4U6U8T 19tH, 1886. 

clear space between them. The northern portion of the Bar had a tendency 
to move southwards, while the southern portion had a tendency to move 
northwards. The middle of the Bar appeared to be nearly over Kirkland, 
while the northern extremity reached to about Benwick, and the southern 
extremity to Knock Pike. Although the Bar appeared to be nearly stationary 
it was quite evident that there was much commotion in the cloud itself, as 
portions of the upper and lower surfaces were whirled about in all sorts of 
ways. We saw this commotion to advantage, as the moon was behind the 
cloud during the greater part of the time we were descending the mountain. 
Just before reaching Eirkland at 10.80 p.m. we became conscious that the 
wind had suddenly ceased and that the air was much wanner. This fact 
seemed so strange that Mr. Benn went back about fifty yards and there 
found the wind blowing quite strongly from the Fell, while where I was 
standing the air was calm or nearly so, with an occasional light pu£f of wind 
from the South-west. The Helm Bar was now nearly overhead. This seems 
to show that under the Bar there is an upward current. 

Mr. Crosby, who left us at 7.16 p.m. to return to Kirkby Thore, while 
Mr. Benn and I proceeded northwards to Ardle Head Mine, observed the 
same peculiarities. He writes : ** In coming down the face of the ledge I 
noticed little scraps of vapour beginning to condense in the clear space South- 
west of us, and remarked to my companion that we should probably get out 
of the wind before we got home» as there was a vei'y strong indication of the 
setting of the Helm Bar. 

« We crossed the stream forming the County Boundary, about 800 yards 
above the fence wall of the Fell, and followed the track along the outgang 
towards Milbum. The condensing was still going on, and there was now a 
slender string of cloud standing over Milbum-town head ; — ^the white mist 
was clinging close to the Fell tops, and all the other parts were clear, the 
slender Bar stretching from about Howgill Castle to Kirkland, at about the 
apparent level of the second ledge of Cross Fell, or that of the Silver Band 
Mine. About half way between the Fell foot and Milbum, say i mile from 
the Bar, we suddenly became aware that we had lost the wind and it was 
dead calm, — so still that a lighted candle might easily have been carried bare. 
We searched our pockets for matches to test it, but unfortunately they were 
not there ; however, though we did not actually prove it, we were both 
certain that it could have been done, and we had ocular demonstration a Uttle 
later. We stopped and listened, and the peculiar sighing, murmuring sound 
of the Helm Wind could be distinctly heard, coming from the quarter where 
we parted with our friends. The sound was not loud, — the whole affair being 
of course on a much smaller scale than it ofben is ; but the characteristics 
of the Helm Wind were plainly there. The air, which had been very cold, 
was now warm and balmy as a summer evening, and before we got 200 yards 
from the place where we first noticed the calm we met several very light puffs 
of ajr from the South-west. We reached Milburn about 8.46 p.m., the Bar 
being directly overhead just before we entered the village. It was now dark 
except for the moon, and a? we passed the School, one of a ^oup of men 
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Bitting on the step struck a match to light his pipe, but hearing our footsteps 
he turned and had a good look at us, holding the pipe in one hand and the 
match in the other. After satisfying his curiosity he kindled his tobacco 
without losing his light, and so demonstrated the perfect stillness of the air 
at that point. We took the road by Milbum Mill and Hale Grange to Eirkby 
Thore ; just after passing the Mill we had a steady breeze from South-west 
for about five minutes, force about 8 ; but on the whole it was calm all the 
way home, where we arrived at 9.45 p.m." 

The Daily Weather Chart for 6 p.m. is represented in Fig. 4. From 
this it is seen that fine weather prevailed over the greater part of the British 
Isles; the only part covered with cloud being the North-east coast of 
England. 

Fio. 4. 




Weather Chart. 

Having witnessed a Helm on a small scale, I have been better able to pre- 
pare the following form for the record of observations during the occurrence 
of the Helm Wind. 

1. Apparent position of the Hehn Cloud relative to the summit of Cross 
Fell, whether above the top or how far down the slope of the mountain. 

2. Apparent position of the Bar : — 

a. Whether to the east, west, or overhead of the observer. 
The extremity of the Bar on the North. 
The extremity of the Bar on the South. 
Whether the North and South ends are joined by clouds from 
the Helm Cloud. 
Direction of Wind at place of observation. 



b. 
c, 
d. 
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4. Direction from which the higher clouds are moving (if any). 

5. If any clouds or vapour are seen near the Bar, specify their direction 
and movements. 

6. General conditions of Weather at the time. 

7. If any change has taken place in the temperature or feeling of the air, 
state when it occurred and what was its nature. 

8. Instances of exceptional wind-force in locality. 

9. Special remarks. 

Before leaving Newton-Beigny, I was informed that the Penrith and District 
Literary and Scientific Society would hold their Autumn Field Day on 
September 10th, when they would ascend Cross Fell. As the Secretary was 
desirous of obtaining a Paper on the Helm Wind to be read on that occasion, 
I called upon him, and after some conversation with him, agreed to write a 
short Paper describing my observations on the Helm Wind of August 19th.* 
At the conclusion of the Paper I solicited the co-operation of the Members in 
making observations, and said '* that much valuable information could be 
obtained if some six or eight gentlemen would go out in pairs during the 
occurrence of the Helm Wind and make observations with thermometers, &c. 
on each side, and beneath the Bar, and at various places. Such observations 
would throw much light on the movement of the currents near the Bar.'* 

I am very pleased to say that this suggestion has been taken up, and that 
eight Members of the Society have agreed to go out and make observations 
when the Helm is on. 

In conclusion I have to express my best thanks to Mr. Benn for the ready 
and valuable assistance he rendered me in this inquiry. 



DISCUSSION. 

Dr. A. WoBiKOF in a letter to the Secretary said : — ** In the July number of 
the Quarterly Journal, Vol. XI. p. 226, which reached me a few days ago, I 
notice a Paper and discussion on the Helm Wind, which interested me very 
much. The numerous descriptions of this wind, all or nearly all agreeing in 
describing its violence, its local limitation, and the atmospheric conditions ac- 
companying it, have led me to the following conclusions, which I would lay 
before the Uoyal Meteorological Society. 

** In short, my conclusion is that the Helm Wind is identical in character with 
the Bora. There are two regions of the old continent where the Bora blows : 
(1) the coast of Istria and Northern Dalmatia ; and (2) the East coast of the 
Black Sea, north of 44° lat, especially the Bay of Novorossisk. 

" In all descriptions of the Bora we notice the suddenness of the occurrence of 
the wind, and the sharply-defined cloud-band on the mountains, while the weather 
is generally clear below. As to the Bora of the Black Sea, I give the following 
translation from my book on the Climates of the World : — * Seamen call the 
Bora an air-cascade. There is reason to think that it begins when the equili- 
brium of the air is disturbed, till when it is more than 6° C. colder on the crest 
of the Varada mountains than over the bay.* These mountains slone away 
gently to the North-east, towards the broad Adegoa valley, which is walled in on 
the other side by the Swinzowaja chain. In the autumn and winter it is much 
colder in the valley than on the sea-coast, and when the cold air fills the valley 
to overflowing, the equilibrium of the air-strata becomes imstable, and the 
greater the difference of temperature the stronger becomes the Bora.' 

^ Thoy vise about 600 metrei abore tbu sea. 
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"In the passage qaoted above only one case is considered, vis. cooling by radia- 
tion of the air to the North-east of the bay, but a strong Bora may also arise 
when there is a general thouch not strong North-east wind to the north of the 
Caucasian chain. The Varada mountains prevent this wind, for some time, from 
reaching the sea-shore. The contrast of temperature is intensified thereby, and 
the Bora breaks out the stronger when the hindrance is overcome. This explana- 
tion of the Bora was first ^ven by Baron F. v. Wrangell,' and he has calculated 
the velocity of the wind which would result from given differences of temperature. 
If the lowest part of the Varada chain be taken as 550 metres, the temperature 
at sea-level 0° C, and at the given heisht — ^10°, it would be equal to 172 metres 
per second ; if it be 0** at sea-level and — 16° at the height, the wind would have 
a velocity of 22*1 metres per second. In both cases the friction is not taken into 
account ; it certainly must not only lessen the velocity but also cause whirls and 
eddies, as well as sudden changes in the velocity and direction of the wind. These 
phenomena are really observed in Novorossisk, where the direction of the wind 
during the Bora oscillates between East-north-east and North-north-east. 

" Now returning to the Helm Wind, I find it very probable that, as the pheno- 
mena are the same as those of the Bora, and the direction of the wind nearly 
identical, the cause must be the same. The isotherms of the British Islands show 
a much lower temperature on the east than on the west of the Pennine chain 
during the months from November to April. This difference is certainly greater 
with East winds and clear weather, and it is very likely that the difference of 
temperature between the Penrith Valley and Cross Fell may frequently be 
greater in such weather than that which admits of an unstable equilibrium. If 
this view of the case be right, a very few observations of temperature could settle 
the question. A meteorological station should be estabHshed at Penrith, and, if 
the observer has leisure and interest for the question, he would certainly make 
more frequent observations on days with Helm Wind. Another observer could 
make occasional observations on such days on the Cross Fell with a sling thermo- 
meter (^Theniwmetrefr<mde), I have no doubt that my hypothesis on the identity 
of the Helm Wind and the Bora, and the existence of an unstable equilibrium 
of the air-strata during the prevalence of the Helm Wind, would be confirmed by 
such observations. There are some additional reasons for thinking so. There 
is scarcely a case of Helm Wind observed in summer, thouek East winds are not 
wanting, and that is because at this season the East of England is rather warmer 
than the West. If the cases of Helm Wind are less frequent in the winter months 
than in November, March and April, it is because East winds are less frequent, 
and the prevailing West winds bring cloudy weather, during which no unstable 
equilibrium of the air -strata in the vertical plane arises.*' 

On the receipt of this letter Mr. Marriott had forwarded to Dr. Woeikof a 
copy of his observations, and asked him if they confirmed his impression that 
the Helm Wind was similar to the Bora. 

In reply Dr. WoEiKOP wrote : — " I tliink your observations on the Helm Wind 
are very interesting, and quite confirm my opinion as to the existence of a greater 
fall of temperature than tliat answering to an unstable eauilibrium." 

Mr. Atkinson said that he was very familiar with the Helm Wind, having 
resided in the district for the greater part of the first twenty years of his life. 
At that time, however, he did not make an^ careful observations, but since then 
he had on different occasions had opportunities of noticing it, and quite recently 
((October 28th and 29th) when in the district he had witnessed an occurrence of 
the Helm. Mr. Marriott had shown that when the Helm was on, the sky was 
Home times clouded over, excepting the space between the Helm Cloud and the 
Bar, which was usually quite clear, blue sky being visible. This was quite correct, 
and travellers by the North Western Railway could generally know when the 
Helm was on by seeing a narrow patch of sunlight extending for some distance 
near the foot of, and parallel with the Cross Fell range, when the sky was else- 
where overcast. On the last occasion of his witnessing the Helm tms band of 
bunlight, which he had hitherto believed was always parallel with the mountain 
range, was farther northward than usual, and instead of being parallel with it, 
lay crosswise along the range from about North-west to South-east. He thought 
this was a peculiarity worth calling attention to. He could confirm Mr. Marriott's 

1 *< U«bar die UnaolM dtr Bora in IToTOCOsaiak." JUffrtoHmm JUr Metionhfie, Vol. Y. 
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Opinion a« to the probably greater strength of the wind through tlie gorges in 
the range, a^ he had heard of some wonderful instances of wind force exerted at 
the foot of one of these gorges or gullies. 

Mr. AiiERCROMBY said that in September last he had spent a few days in the 
Helm Wind district. He saw Mr. Benn, who had the local superintendence of the 
Helm Wind investigation, and learned from him that fourteen gentlemen had 
volunteered to go out, when the Helm was on, to various places and make obser- 
vations as to the conditions of weather prevailing. He (Air. Abercromby), how- 
ever, was not fortunate enough to witness an occurrence of tlie Helm Wind, 
but he had made inquiries respecting its peculiar character and violence, and had 
found out some interesting particulars regarding it. He had got one gentleman 
to promise to take a photograph of the clouds when the Helm was blowing, as he 
believed the only way to obtain good cloud pictures was by means of photography. 
In the course of his inquiries he came across an old lady who, when questioned 
as to what she knew of the Helm Wind, described it as blowing roimd in the 
shape of an ogg ; but when asked which way the egg was supposed to lie, she 
could give no satisfactory answer. Most likely the wmd blew down the Fell, up 
into the Bar and back again to the summit of the Fells. With respect to the 
cause of the phenomenon, he agreed so far with Dr. Woeikof as to believe that 
it was partially due to the unusual difference of temperature between the foot 
and top of the mountain, as observed by Mr. Marriott, but this he felt sure 
was not the only cause. The origin of the cloud was certainly partly dynamical, 
or due to some aerial eddy or ricochet on the lee side of the Fell, and he thought 
that the only way to get at the bottom of the matter was to work out the idea 
contained in the recently published Keport of the Committee, that the cases of 
East wind over the district when the Helm Wind did not occur should be inves- 
tigated as well as the cases of prevailing East winds toith the Helm Wind. By 
that means some characteristics, peculiar to one case and not to be found in the 
other, might be discovered which would afford a clue to a solution of the whole 
question. 

Mr. Symons referred to a letter from Dr. Woeikof published in the previous • 
week's issue of Nature comparing the Helm Wind with the Bora of the Black 
Sea, and in which tie claims that the Bora and Helm being so identical as regards 
details of force and area, and time of prevalence, it is not unreasonable to pre- 
sume that their cause is also identical. The Bora is shown to be caused by a 
disturbed equilibrium of air temperature, and Dr. Woeikof then goes on to show 
that the Helm Wind is due to the same cause, demonsti'ating his case in a clear 
and able manner. He (Mr. Symons) then read a brief summary' of the paper 
on the Bora by Baron v. Wrangell, referred to by Dr. Woeikof, in which a 
clear explanation of the nature of the Bora is given, and the whole question 
thoroughly worked out. With respect to the Helm Wind, it had been seriously 
proposed by one gentleman that pipes should be laid up the side of Cross Fell, 
and when the Helm Cloud was forming quantities of steam should be let off 
at the top of the Fell by means of these pipes, and so cause the accumulated 
vapour to disperse. In considering the means of getting rid of the Bora, Baron 
v. vVrangell proposed a plan somewhat andogous to this. His plan was to cut a 
deep gor^e through the Varada Mountains, which lay at the back of the town of 
Novorossisk, and so make a way of escape for the air which accumulates at the 
back of this range and causes all the mischief. It appears that the town is 
admirably suited for a port, as the bay on which it stands affords ample shelter 
for ships, and besides this it has great advantages over any place in the neigh- 
bourhood for the shipping of cargoes, but the great violence of the Bora prevents 

• 

1 Bcfon the Bora tho Eastern hciehta of the Varada Mountains ore always doudlcss. Some time 
before the bursting of the Bora small white clouds begin to form on the top of the mountains, their 
number increases, and a s^ng motion among them is erident. The air is in oommotion, strong gusts 
follow one another from opposite direotions. After a time single clouds hero and there tear themselves 
from the mountain and precipitate themselves into the deep, but half way down they disappear. 
With incredible violence whirlwinds precipitate themselves from the mountains, while a dense salt mist 
of whipped-up sea water fills the air and covers every thing on board ship with a crust of ice. On land 
it ii dangerous to remain oat of doors, owing to the shower of falling bodies, stones as big as one's fist, 
iron roofs, Ac. : strong buildings tremble under the frightful force of the wind. 

The dcstructiTe force of the wind is felt only on the coast and dose to the mountain, but ospedally 
in Novorossisk, and the eflbct of the Bora ceases a little way from the coast. 

On the other side of the Varada Mountains the wind is only light, indeed at some distance it is 
often poff eetly calm. 
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its being used as a port by Russian vessels. There is a town a short distance off 
which is situated opposite a valley in the mountain ran^e, and at this place the 
Bora is not felt with any thing like the force with which it blows at Novorossisk, 
and Baron v. Wrangell believes it would cost less to cut a gorge through the 
mountains at Novorossisk than it would to construct a harbour at the former 
town. 

Mr. Archibald said although it was probable, as Dr. Woeikof had intimated, 
that the Helm Wind and the Bora were very similar, there were details in the 
Helm Wind which had no corresponding analogues in the Bora. Thus the Helm 
Bar was not noticed as occurring in the Bora. This appeared from the diagiam 
to be due to the current being deflected'upwardsby the rising ground below Cross 
Fell before it reached the bottom (as would occur according to well-known hydro- 
dynamical principles), the cloud being produced by condensation in the ascending 
current. The clear space between the Bai* and the Helm Cloud he thought was 
evidently due to the descending air precluding condensation between these points. 
^5imila^ valley drainings and cataracts occurred in the Himalaya, where in the 
higher passes the wind was so violent that persons were obliged to lie down to 
prevent being blown off their feet. 

Mr. C. Harding said that a most instructive point to learn in connection with 
this Helm Wind investigation was the relative distance of the Bar from tlie 
Helm Cloud. The accounts he had read varied very much in this particular, and 
he should say that the Bar certainly was not in a iixed position. It was very 
desirable to know the exact conditions of weather prevailing over the whole 
country in making an investigation of this character. He had read Dr. Woeikofs 
letter m Nature, but could not see that there was much similarity between the 
Bora and the Helm, as the Bora apparently, in the instances given, was blowing 
out to sea. It was to be regretted that Mr. Marriott had made no observations 
of temperature during the descent. He believed that the best wav to settle the 
question was for gentlemen in the district to go out when the Helm was on and 
make observations, as he felt sure more could be learned from such observations 
than from a continuous series of general observations extending over a number of 
years. His own theory as to the cause of the phenomenon was that it was the 
result of suction, and he was inclined to think that the particulars they knew 
respecting the peculiarities of this wind full^ bore out this view ; at any rate he 
believed the theory was worthy of some notice. There are the Helm Cloud and 
the Bar, the air rushing down the western slopes of the Fell, and the calm at the 
foot with the upward tendency of the wind towards the Bar. The direction of 
the wind was generally East, and his idea was that the wind blowing over the 
top of the valley induced a certain amount of suction from the air in the valley : 
a partial vacuum is set up, and immediately the downward stream of air from 
the summit of Cross Fell into the valley sets in. 

Mr. Lecky said that he could not accept the theory of suction, and his opinion 
on the matter was that the wind travelling up the eastern slopes of Cross Fell 
meets with a cold stratum of air at the top and became condensed into fog, which 
on descending the increasingly warmer western slopes, as shown by the arrows 
on the diagram, become again absorbed, and meeting with still warmer and 
damper air m the valley ascends until condensed in a cooler stratum, thus forming 
the Bar. 

Mr. Dyason was somewhat surprised that no mention had been made of the 
possibility of the phenomena bein^ due to electricity ; he thought it probable 
that electricity had as much to do in forming the Helm Bar as the wind. 

Mr. Lauohton remarked that Home of the speakers had, he thought, made 
rather too much of the difference between the temperature at the summit and 
ba8e of the mountain. It should not be forgotten that there was a difference of 
nearly three hours in the time of obHcrvations ; and it was quite possible that a 
great part of the 19^ shown on the diagram was the difference, not between base 
and summit, but between 3.45 and 6.40 p.m. 

The President (Mr. Scott) said that in his opinion Dr. Woeikof was not 
tlie first person who had convpared the Helm Wind to the Bora. Dr. Woeikof 
had confined himself to the Bora of the Black Sea, and of Istria and Dalmatia, 
but the Bora also blew at Trieste with such f urv that in some streets ropes wore 
said to be placed to serve for handrails. Dr. Jelinek had once traced a Bora 
from Trieste back to Vienna. A reference to Hann's Climatology showed that 



Digitized by 



Googk 



10 DI8CUSSI0M— ;THE RELIC WIND OF AUGUST IOtR, 1885. 

the essential characteristic of the Bora was, that it was a descending wind, and 
that a cloud cap was formed on the mountains before it burst forth. 

Mr. Marriott, in reply, said that the reason that observations were not taken 
durinp^ the descent was that he had the misfortune to sprain his ankle, and besides 
that it was too dark to read the thermometers. In tact, the observations made 
on the ascent were taken for curiosity rather than for any other reason, as he did 
not know that he was likely to witness an occurrence of the Helm Wind. No 
reference had been made in the discussion to the peculiar motion of the Bar, both 
halves seeming to be moving towards each other. This motion was, he thought, 
caused by the wind sweeping round at both ends of the range, where the ground 
was somewhat lower. So far as he was able to observe, there were no signs which 
would lead him to suppose that the phenomenon was in any way due to electrical 
agency. 



The Typhoon Origin of the Weather Over the British Isles during the 
Second Half of October, 1882. By Henry Harries. (Plate I.) 

LBead November 18th, 1885.] 

The sudden arrival of a severe gale over the south-east of England on the 
morning of October 24th, 1882, completely upset the forecasts issued from 
the Meteorological Office on the previous evening, and this failure was 
severely criticised at the time. It will be shown later on that with our 
existing knowledge it was impossible to forecast it from the 6 p.m. observa- 
tions of the 28rd. 

The disturbance was undoubtedly a secondary one, developed within the 
area of a very large cyclone which had its centre in about 60^ N, 20° W, and 
it is the track, or rather tracks, of this primary which I am about to discuss. 

Through the kind permission of the Meteorological Council I have been 
allowed access to all the sources of information in the Meteorological Office, 
including the elaborate charts of the North Atlantic. I am indebted to Dr. 
Neumayer for many observations in the North Pacific, made on board ships 
keeping logs for the Deutsche Seewarte ; and to the Chief Signal Officer at 
Washington for a copy of unpublished observations made at nineteen stations 
in Alaska and its neighbourhood. 

It may be taken for granted that the change from the South-west to the 
North-east Monsoon season occurs towards the end of September, the area of 
low barometer over the Asiatic continent being replaced by an anticyclonic 
area. This is well shown by the reports of the Zi-ka- Wei observatory ; where 
the barometer seldom reaches 760 mm. (29*92 ins.) before September 21st, 
the last ten days of the month averaging considerably above that reading, and 
continuing so throughout the winter. The period of change is marked by 
violent typhoons in the same manner as the South- western part of tlie Atlantic 
is visited by hurricanes about the same time of the year ; i.e. the commence- 
ment of the anticyclonic conditions over Asia and over North America, which 
mark the approach of winter, indicates the probable birth of cyclonic dis- 
turbances on their South-eastern sides. 

Unfortunately the part of the Pacific lying betw(9en the Philippine and the 
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Sandwich Islands is very little frequented by shipping, and I am therefore 
unable to give direct evidence of the commencement of the typhoon ; but from 
a consideration of the data collected, it appears that it began to form on 
September 27th. As early as the 10th an exceptionally violent hurricane 
raged in 16° N, 114° W. Moving slowly to the westward it caused severe 
damage to ships in its path, but after the 12th, in 18° N, 122° W, all trace of 
it is lost. I do not suggest that it had any thing to do with the typhoon 
which showed itself a fortnight later in 184° E. 

M. Deschevrens, in his Typhoons of 1882, Part 11. Plate 1, lays down the 
track of a typhoon commencing near the Philippines on September 20th, he 
then carries it westwards across the islands, thence north-eastwards to the south 
of Japan by the 25th, then recurving to the southward brings it on the 29th 
to the neighbourhood of its starting point of the 20th. The line is then 
taken north and north-eastward, past the south-eastern point of Japan into 
the Pacific. In the Washington Bulletin of International Meteorology for 
June 1884, this track is adopted in the Appendix devoted to September, 1882, 
while on page 11 of the same Appendix it is stated that " Number XXYI. 
appeared near the eastern coast of Yesso on the 28th, and moved into 
Behring Sea at the close of the month.*' It is clear, however, that M. 
Deschevrens has, from want of sufficient observations, fallen into error in 
taking his curve to the south after the 25th. The disturbance having passed 
along the Japanese coast into the Pacific, was, in reality, the Washington 
Number XXYI., which it will be seen was overtaken by the typhoon we are 
about to discuss. As these tropical storms pass into higher latitudes the baro- 
meter in the tropics resumes its ordinary condition, which is low in relation 
to what is to the north, and I fear that to this fact is to be attributed M. 
Doschevrens's great tendency to bring back his typhoons to their starting 
point. It hds misled him into saying on page 20 of the same publication 
*' we must acknowledge that such atmospheric cyclones may keep for 
months in the same quarters, and that at any time of the year.'* The 
equatorial belt of low pressure is not cyclonic, and strictly speaking it is 
not an area of low pressure in the generally accepted sense. Although 
differing from M. Deschevrens in his conclusions, I am bound to acknowledge 
the great value of the observations he has collected, and which have been of 
no little service in the preparation of this paper. 

Since September 21st, an anticyclone hod been gradually creeping 
across Siberia from Europe ; and as this had an important influence on the 
typhoon, being, as I believe, the reservoir from which it was supplied with 
energy, its course has been shown on the track chart until it reaches Mid- 
Atlantic. On the 26th its centre was near 60° N, 112° E, the mftT Jmiirn 
pressure being at least 80*65 ins. At the same time several areas of low 
barometer existed along the seaboard of Eastern Asia. The barometer was 
below 80*0 ins. all over the sea south of Japan. By the 27th a great and 
important change had taken place, the areas of low pressure were disappearing, 
and the anticyclone had moved to the south, the barometer at Pekin rising 
0*5 in.» and at Macao, within the tropics, to the extent of O'l in. The 
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mercury was above 80*0 ins. to tho edge of the tropics. At Manilla, in 
latitude 14^^ N, this change of pressure was not folt. The result of the 
alteration in the prevailing condition of pressure was a marked decrease 
of temperature, the colder air brought down from Siberia reducing the 
temperature over Japan by more than 10°, while at Manilla the maximum 
temperature of the 28th was 0° lower than on the 27th, the mean for the day 
being 5°*6 lower. Tho warm air of previous days had ascended into the 
upper regions, producing an atmosphere highly charged with vapour, and 
forming clouds. In consequence of the increase of gradient for Easterly 
winds, duo to the changes of pressure already alluded to, a state of affairs 
would be produced favourable to tho formation of an atmospheric disturbance, 
an increase of wind, and condensation. In the early part of their career tropical 
storms do not seem to me to bo cyclonic, they are perhaps more nearly 
related to the subtropical anticyclone until they become detached from the 
equatorial belt of low pressure, and the circulation of the wind becomes com- 
plete. The North Atlantic Weather Charts contain several instances of this 
phenomenon, which cannot fail to attract attention in connection with West 
India Hurricanes. 

The earliest evidence of the existence of the typhoon is contained in the 
Manilla reports for the 27th. In the evening, with a light variable wind, the 
barometer began to fall, feathery cirrus appeared to the East-south-east, and 
a lunar halo was visible. 

On the 28th the wind was North, the barometer still falling, with an over- 
cast sky and heavy rain, the Remarks for the day stating that a centre of 
minimum pressure lay to East-south-east. In 18° 46' N, 182° 8' E, the 
American barque Samuel D» Carleton was experiencing very strong winds 
from East and East-north-east, barometer falling to 29*80 ins. and heavy 
rain. In the Formosa Channel and China Sea the wind was rising, strong to 
a gale, from East and North-east. The disturbance was moving North-west- 
ward very slowly, not more than five miles an hour, the anticyclone moving 
towards it. 

On the 29th the typhoon was making itself evident as far as Zi-ka-Wei, 
the record being " barometer falling, a typhoon coming up from the South.*' 
The centre, however, was about 1 ,000 miles away at the time. At Manilla the 
wind had changed to South-south*west, the barometer had fallen to 29*67 ins., 
and solar and lunar halos were recorded. The Samuel D, Carleton^ in 19°2' N, 
129°52' E, had still a strong East-north-east wind with the barometer 
down to 29*58 ins. and continued heavy rain. A moderate North-east gale 
was felt in the Formosa Channel, off Shanghai tho wind was becoming squally, 
and in the southern parts of Corea and Japan rain had set in with squally, 
gloomy weather *, the rainfall at Nagasaki amounting to 1^ inch. The anti- 
cyclone over the mainland was being gradually reduced, the maximum reading 
being about 80*4 ins. 

The observations of the 80th show that the Samuel D. Carleton, in 18°41' N, 
130° E, had the barometer down to 28*85 ins., with deluging rain and a 
hurricane from North*north*weBt, the wind in six hours changing from East- 
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north-east, through North-east and North, to West by South. About a mile 
from the ship a waterspout was seen. Along the northern coasts of Luzon a 
North-west hurricane was raging ; at Kelung, on the north of Formosa, a 
North to North-east heavy gale was reported. The rainfall at Nagasaki 
amounted to 1*67 in., and at Tokei to ,2*9 ins. As far west as Maoao a 
moderate North-north-west gale was blowing. In a north-westerly direction 
from the centre several ships recorded heavy to moderate North to North-east 
gales as far as the Shantung Peninsula, a distance of more than 1,800 miles. 
An Easterly gale was being felt as far as Yokohama, over 1,000 miles to the 
north-east of the centre. 

These statements differ very considerably from what various authorities give 
as to the extent of typhoons, the diameter, according to Labrosse, being be- 
tween 60 and 200 miles ; while Baper gives 60 to 260 miles, and Piddington 
50 to 600 or even 1,000 miles, the limits of the true cyclone circle being 12^ 
from the centre, which gives a diameter of 1,400 to 1,600 miles. Enipping 
gives 700 miles. In the case now before us the gale was reported at the 
distance of at least 1,800 miles from the centre towards the north-west, and 
1,000 miles to the west and north-east. With a reading of 28*85 ins. in lat. 
19° N, we may be sure that steep gradients for Westerly and South-westerly 
gales existed on the equatorial side of the centre ; but as no observations are 
available it is unsafe to estimate the area under the influence of gale force on 
that side. In the case of a large depression which existed off the Bay of 
Biscay, in 44° N, 15° W, on December 11th, 1882, gales prevailed for more 
than 1,000 miles on the western and south-western sides, while to the north- 
east they were not felt further than 100 miles from the centre. 

Between September 27th and 80th the typhoon had made but slow progress, 
its rate being only iive miles an hour for the first two days and ten miles an 
hour on the third day. The anticyclone meanwhile had travelled southward 
to near Wladiwostock, the barometer readings at the centre being nearly 
half-an-inch lower (80*2 ins.). By October 1st the anticyclone had curved 
to the north-eastward, and it will be seen from the Chart (Plate I.) that the 
typhoon made a similar change and increased its rata of motion to thirty 
miles an hour. In front of the depression the rainfall was very heavy, the 
Japanese reports showing 1*84 in. at Wakayama; 4*82 ins. at Tokei; and 
2*56 ins. at Nobiru. On the southern side the Samuel P. Carleton, in 
19° N, 180° E, had a Westerly gale, with a rapidly rising barometer, light- 
ning and heavy rain. The German brig August became a total wreck on the 
Pescadores. The s.s. Coptic and the s.s. Tanais^ going in opposite directions 
along the southern coast of Japan, experienced the strongest wind from 
North-east, force 8 and 9 respectively. 

Early on the morning of the 2nd, however, the s.s. Tanaist going towards 
Yokohama, felt the full force of the typhoon. Until 8.80 a.m. the wind was 
light to moderate, but the barometer was down to 28*7 ins. At 8.45 a.m., in 
88°26' N, 187°45' E, the wind was North-west, force 6, and five minutes 
later a hurricane from North-west burst upon the ship and lasted till 6 a.m., 
with torreii^ of xw. At thq Tokei Observatory the lowest barometer, 
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28*88 ins., was at 7 a.m., the direction and force of wind donbtfiil ; at 4 a.m. 
it was South-east strong, and at 8 p.m. North-north-west light. The whole 
of Japan was nnder the influence of a Northerly to North-westerly gale. 
Heavy rain fell in the northern districts, but west of Tokei, i,e, in the rear of 
the centre, it had ceased entirely. The anticyclone changing its course to 
the South-east, the typhoon passed along the eastern coast of Japan at the 
rate of thirty-three miles an hour. From near Shanghai the anticyclone 
moved east to Japan by the 8rd, the disturbance at the same time increasing 
its rate of progression to nearly fifty-one miles an hour — the maximum rate 
during its long journey. At noon (Greenwich) of the 8rd the centre was in 
6QP N, 174^ E. Between the 2nd and 8rd the disturbance seems to have 
joined the one ahready alluded to as the Washington ** Number XXVI.,'* 
which had made but slow progress because of a large anticyclone lying across 
its path to the east and north-east, forming a more effective barrier to the 
advance of a depression than a range of high mountains. The data in 
this high latitude bemg very meagre, I applied to the Chief Signal Officer at 
Washington for additional observations, with the result that I was able to 
prepare two daily charts from observations made at different stations — ^those 
from the nineteen stations supplied from Washington being for about 4 a.m. 
Greenwich time. By combining the two charts very satisfactory positions 
have been obtained. 

That the area was still a very large one is shown by the fact that on the 
2nd H.M.S. Sappho^ in harbour at Honolulu, observed a change in the 
direction of upper clouds from South-east to West, with rain, the wind re- 
corded by ships north and south of the Sandwich group being South-east. 
On the 8rd, the upper clouds were still from West at Honolulu, while winds 
of gale force were being experienced from all quarters between 80^ to 58^ N, 
and IBT' E to 162^ W, — a diameter of about 1,800 miles ; the German ship 
Adolph, in 80^ N, 155^ W, 500 miles north of Honolulu, having a change of 
wind from South-east 8 to South 8, and afterwards to force 9, with heavy 
rain and lightning, the barometer falling to 29*78 ins. 

So far the track resembles that laid down by Bedfield for the Mississippi 
cyclone of October, 1854, in his Paper •* On the Cyclones or Typhoons of 
the North Pacific Ocean, with a chart showing theur courses of progression."^ 
Bedfield states that he had followed the typhoon for more than 4,000 
nautical miles, and to do this he used the observations of only four ships, 
two of these being in company. 

October 4th finds the progress of the disturbance suddenly checked, 
its rate being reduced to fourteen miles an hour; the cause of this being 
apparently the presence of the anticyclone some distance to the north-east. 
The area under the influence of gales was not so large on the 4th, the wind 
having moderated over the Behring Sea and the Aleutian Archipelago. 
Gales continued on the southern side, the s.s. City of Tokei experiencing a 
hurricane from West-north-west, in 86° N, 168° E ; the s.s. Gaelic, in 87° N, 

1 ^imerican Journal of Science and Arte, Yd, zxiv. July 1857, 
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150° W, numing into a South-west gale, with squalls, rain, and lightning; 
the Adolph, in 81° N, 152° W, had a West-south-west gale with rain and 
lightning. At Honolulu the upper clouds were now from North-west. 

From the 4th till the 9th the depression remained in the neighbourhood of 
the Alaska Peninsula, the winds on the whole not being so violent. The 
anticyclone since the 2nd had kept on an Easterly course across the Pacific, 
and passing the meridian of the cyclone on the 7th, it entered the Western 
States of America on the 9th. 

The cyclone having attained its highest latitude in the Pacific on the 6th 
and 7th, commenced to turp towards the south-east. The observations at 
Fort Rae show the anticyclone to be gradually leaving the neighbourhood, 
and the disturbance, which had moved at a rate of about 4^ miles an hour on 
the 8th, increased its speed to 6 miles on the 9th, and the next day to 85^ 
miles an hour, its position on the 10th being in about 61° N, 129° W. 
Heavy South-west and South-east gales were felt along the coasts of Oregon 
and Vancouver Island. At Portland there were hail and thunderstorms, 
the rainfall amounting to 2*98 ins. for the day. The cyclone had now reached 
the American continent, having travelled across the Pacific at an average 
rate of seventeen miles an hour. 

The remainder of the track is taken from the North Atlantic Weather 
Charts. The Rocky Mountain Bange does not appear to have been an ob- 
stacle in the path of the storm. According to the Monthly Weather Review 
of the Chief Signal Officer for October, 1882, a disturbance, which is the 
one we are following. No. YII. in the Review, is supposed to have ** formed in 
Western Nebraska on the 11th, and pursued an erratic course. At first the 
movement was to the North-east, changing to the North-west, and recurving 
on the 12th west of Manitoba ; after this, its course was about East-south- 
east. On the morning of the 18th the centre was north of Lake Superior. 
During the afbemoon the course was again changed. It now began to move 
toward the north-east, and passed the limits of observation. At nearly 
every station in the Upper Lake region, the wind reached a velocity of more 
than twenty-five miles an hour. Rain fell during its passage in Montana, 
Dakota, the Missouri and Mississippi valleys, and the Lake region." The 
average rate of progress while under observation is stated to be 86*9 miles 
an hour. My calculations give 85*4 miles an hour between the 9th and 10th 
in the Pacific, and 86*7 miles an hour between the 10th and 11th, when it was 
entering the United States. The erratic course mentioned by the Chief 
Signal Officer is not shown on my track chart. 

The maximum wind force recorded on the 11th was fifty-one miles an hour 
firom West ai Umatilla in Oregon. Proceeding east we find on the 12th 
that the mfliim^"^ wind was fifty-four miles an hour from West at Eagle 
Rock, Idaho. At St. Paul, Minnesota, the State Armoury was blown down 
by a wind of forty-eight miles an hour. Heavy rain marked the progress 
of the storm, considerable damage being occasioned by the floods over an 
extensive area. 

Continuing the nortb-easterly track out of the Stotes the depression 
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oroBsed HndBon's Bay to the northern part of Labrador by the 14th, the rate 
of progress for the day being thurty-two miles an honr. On the 15th, in 
Davis Strait it attained the highest latitude (61^° N) reached daring its course. 
Changing the direction to South of East, it was at the southern point of 
Greenland on the 16th, and continuing its south-easterly course to 56^ N, 
27^ W, on the 18th, it was joined after a journey of close upon 10,000 
nautical miles, at an average rate of something over eighteen miles per hour, 
by a disturbance which seems to have formed about October 9th in 22^ N, 
48° W. At 2 a.m. on the 10th, the ss. Amenean, in 22°40' N, 47°30' W, 
ran into a heavy gale, with violent squalls, heavy rain, lightning, and a high 
dangerous sea. 

The Atlantic high pressure area being well on the eastern side of the ocean, 
and a separate high area existing on the American side, the new depression 
was able to travel nearly north-east, slowly at first, but as it neared the other 
cyclone it increased its rate to about twenty-three miles an hour on the 17th 
and 18th. 

In the great storm of September 1st, 1888, an account of which, by Mr. 
C. Harding, appeared in the Quarterly Journal,^ the junction off the American 
coast of the two branches of a disturbance, one from the Western States, 
the other from the West Indies, was followed by a considerable acceleration 
of speed, the gale reaching our western coasts two days after the centre had 
passed Cape Breton. In the present case, the combining of two disturb- 
ances resulted in the direct contrary to this, for we find the centre located in 
about 60°N, 20° W, for a whole week (October 19 to 25), the area being very 
extensive, the isobar of 29*9 ins. on some days enclosing an elongated space 
of about 8,000 miles by 2,000 miles. Violent gales were felt for a consider- 
able distance, over 1,000 miles, from the centre. As early as the morning of 
the 18th the Daily Weather Report shows the existence of the disturbance, 
although the centre was then 800 miles from the Irish Coast. The cessation 
of progressive movement must be attributed, I think, to a very large Anti- 
cyclone over Bussia, Scandinavia, and northwards, the readings at the centre 
being about 80*8 ins. The original anticyclone from the Pacific now became 
merged in the Atlantic anticyclone, and was stationary in about 85° N, 85° W. 

It was during this period of rest that the sharp storm of October 24th origin- 
ated. I have examined the records of many ships over a large area west and 
south-west of the British Islands, but find nothing to justify our supposing that 
the storm had any existence until late on the night of the 2drd. At 9 p.m. the 
barque Earl Oranville was in a calm with the North-west swell going down, in 
48°80' N , 9°40' W. The Lucia, m 46°15' N, 8°80' W, at 1 a.m. had a sudden 
shift of wind from South-south-west to West by South. The barquentino 
Oladstonef in 47°45' N, 7°25' W, at midnight had an increase of West-south- 
west wind from force 9 to 11, and two hours later it suddenly shifted to 
North-north-west with heavy rain. The barque Lycka Till, in 49°6' N, 
8°20' W, at 2 p.m., 28rd, reported the heavy Westerly gale decreasing, and 

iVol.X.p.7. 
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at 4 a.m. 24th, in 49°20' N, T W, the wind was North 2. The brig OJcmbury, 
at midnight in 48^50' N, 6^45' W, reported that the wind lulled and suddenly 
shifted from South- south- west to North-north-east, subsequently going through 
North into West-north-west, the barometer at midnight being 29*28 ins. The 
s.s. Drummond Castle, at 2.80 a.m. in 47°8' N, 6^65' W, had a shift of wind 
from South-south west to West-north-west 8, barometer 29*26 ins. West of 
the Channel these are the only records of changes since noon of the 28rd. 
At Falmouth Observatory the barometer began to fall about 10 p.m. when it 
stood at 29*6 ins., and reached its lowest point, 29*22 ins., at 6 a.m. 24th, 
being a fall of 0*88 in. in eight hours. The change of wind from South- west- 
by-South to North-by- West took place between 2 a.m. and 8 a.m., more than 
throe hours before the time of lowest barometer. At the earliest, therefore, 
no prediction of an approaching storm could have been issued from the 
Meteorological Office before 8 a.m. of the 24th, and shortly after this hour 
the tempest was raging over the Channel and the French coast. The Daily 
Weather Report shows that at 8 a.m. Hurst Castle was the only station on 
the northern side of the Channel which recorded wind of gale force, on the 
southern side heavy gales were general. In the Channel the ship MUo, at 
4 a.m., in 50'^ N, 8°50' W, recorded ** commenced strong gale;" at 8 a.m. in 
50^0' N, 2^45' W, a whole gale from South-east was raging, and an hour later 
it veered to West and blew with terrific violence. The s.s. Tenters, at 6.20 
a.m. in 49^50' N, 8^40' W, felt the commencement of a moderate East gale, 
and at 8.80 a.m. in 6QP N, 8^15' W, it changed to a strong gale from West- 
north-west. The Lilian, further east, had a hurricane from North-east, 
changing to West. By noon the storm was very severe from West and South 
as far up as the Downs.' The track followed by this disturbance is clearly 
shown on the Daily Weather Reports, and I need not repeat it here. 

No sooner had the secondary system made a path up the English Channel 
into the North Sea, than the primary prepared to follow it. Starting towards 
the south-east at a rate of nearly eight miles an hour between the 25th and 
26th, it increased it to nearly thirty-seven miles an hour next day, and on the 
morning of the 27th we find it near Bochefort, on the DaUy Weatlier Report, 
the lowest barometer I have discovered for the whole track being 28*82 ins. 
this day. Its advance is marked, as in Japan and America, by heavy rain in 
all parts of Western Europe, the fall exceeding an inch in twenty-four hours at 
many stations, and the amount being nearly 4 inches in some localities. 
Fortunately for England the centre lay well to the south, for although the 
damages by floods and shipping disasters near home were serious, they are not 
to be compared with the havoc wrought over Southern Europe. Such was the 
extensive area covered by the storm that Sicily and Northern Africa felt the 
full force of it. Shipping casualties with loss of life occurred all along the 
Spanish and French Mediterranean coasts. In Algiers and neighbourhood 

^ In the Proceedings oj the Royal Imtitution, Vol. YII. pp. 42, 43, Mr. Scott alludes to a 
gale which wrecked the Royal Adelaide ou the Chesil Bank, November 22nd, 1872, and 
drove the Inverness, hove-to, from the Lizard to the Casquets. In ihe suddenness of 
its arrival this seems to be a pa*-allel case to tha!; of October 24th, 1882. 

NBW BEKIES. — VOL. XU. B 
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the rainfall for twenty-fonr honrs amounted to 3 inches. Continental reports, 
from Portugal to Austria, show how general was the heavy downpour, the 
Italian Station of Domodossola registering 8*72 ins. in one day. The Swiss 
village of Grindelwald was reported to be ** destroyed by the hurricane.** In 
Austria alone the damage caused by the inundations cannot have been less 
than two millions sterling, the districts of Carinthia and the Tyrol being the 
principal sufferers. Looking at all the fiicts, it may be generally accepted 
that this typhoon was the principal contributor in making the month of 
October 1882 the most disastrous within living memory. 

Immediately after reaching the French coast on the 27th the storm 
turned towards the north-east at a moderate rate, and slowly filling up it 
passed through France and the Netherlands to Denmark ; thence curving to 
west of north it crossed the South of Norway, and by the morning of the Slst 
we find it a little east of the Shetlands, inclined to pass out into the Atlantic ; 
but another large depression of superior energy, approaching our western 
coasts, apparently forced it eastwards again. At 8 a.m. on November 1st 
it is found crossing the southern part of Sweden, and by noon it had reached 
Gothland in the Baltic, where, after the very long journey of 14,000 nautical 
miles, it quietly disappeared. 

The typhoon has thus been traced during an existence of thirty-six days, 
its average rate of progress throughout the journey being about sixteen miles 
an hour, the maximum rate in the Pacific being fifty-one miles an hour, while 
over the American continent and also over the Atlantic the maximum was 
thirty-seven miles an hour. Both over the Pacific and over the Atlantic tho 
advance of the disturbance was considerably checked by anticyclonic areas 
existing across its direct path. 

Until quite recently most persons have viewed rather unfavourably the idea 
that storms could reach this country from even the comparatively short dis- 
tance of the Eastern Coast of America, and I cannot hope therefore that this, 
the first endeavour to trace a typhoon from its birth in the neighbourhood of 
the Philippine Islands to its death in the Baltic, will be immediately accepted 
as conclusive. I think there need be no doubt that many of our gales reach 
us from the Pacific, some travelling across the United States, others across 
Canada and even more northern regions. The storm of September 1st, 1888, 
has been shown to have come to Europe from the North-western States of 
America ; going a step further, an article by Professor Loomis in the American 
Journal of Science and Art, Vol. VIII. July 1874, proves that atmospheric 
changes originating on the western coast of America are not retarded in their 
movement to the eastward by the Bocky Mountain Bange — in fact depressions 
from the Pacific have not only crossed this high range, but have continued 
their course across the American continent and out into the Atlantic Ocean. 
In this Professor Loomis is supported by the track charts published by the 
Chief Signal Office, those for October and November 1881 giving tho path 
of a disturbance which was first observed in the Sea of Okhotsk on October 
15th, and after crossing the Pacific, on an erratic course, passed through 
Alaska, north of WP N, to Manitoba by the Slst. Another disturbance 
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coming up from Texas, the two combined, and on November 5th passed into 
Labrador beyond the area of observations. 

The typhoon of the end of September 1882 has afforded me the oppor- 
tmiity of still farther extending onr knowledge as to the possible duration of 
atmospheric disturbances. 

Plate I., in addition to the track chart, shows the distribution of pressure 
and wind over the North Pacific Ocean for the fifteen days, September 26th to 
October 10th, when the storm entered Oregon and came within the area of 
the Meteorological Office Charts. The daily charts are necessarily very 
small, but there will be no difficulty in following the changes from day to day. 
With the exception of the wind at several of the Alaska Stations the data 
represented are for Greenwich Noon. An explanation of the Charts is given 
in the space following that for October 10th. The charts are the most complete 
that have hitherto been prepared for the same area ; but I shall only refer to 
the fact that within the short period of fifteen days no less than three typhoons 
are shown : the first, off the south-east of Japan on September 26th, had been 
some days coming up from the Tropics, and travelled to Behring Sea, where, 
as already stated, it was joined by the second one, which followed in a very 
similar track. The third is seen towards the end of the period moving very 
slowly northwards on the edge of the Tropics, and on October 10th had 
developed into a fearful hurricane. Taking a more easterly course than the 
preceding ones, it was well out in the Pacific on the 11th. 



Note. — ^The Chief Signal Officer, referring to this Paper, wrote on Decem- 
ber 9th, 1885: — « Similar instances of probably continuous or nearly con- 
tinuous tracks over the Pacific and Atlantic are abroady on record, but I 
know of none in which so much data has been brought to bear to elucidate 
the history of the storm. When storms are said to cross the Bocky 
Mountains or other plateaux, it is, I believe, understood that it is an abridg- 
ment of a fuller statement of the process by which a disturbance on one 
side gives rise to a disturbance on the other without the experience of an 
actual storm on the plateau. Barometric and sometimes thermometric 
disturbances are apparently thus propagated without special rainfall or wind 
on the higher levels, but the subject is still in need of further elucidation.*' 



DISCUSSION. 

Mr. Lauohton said there was one important point in the Paper with which he 
could not agree. lie refused to accept the readings of the barometer as shown 
over the Kocky Mountain district ; to his mind they were pure fiction. No real 
evidence was adduced to show that storms ever crossed these mountains, and 
he once again entered a protest against utterly uncertain reductions being put 
forward as such evidence. 

Mr. Archibald said he entirely differed from Mr. Laughton regarding the 
impossibility of storms crossing a range like the Rocky Mountains, both on 
theoretical and practical grounds. He would not here discuss the theoretical 
grounds, but he had noticed that Prof. Loomis, in his recent " Contributions to 
Meteorology," had examined several cases of storms advancing across America 
from the Pacific, and it was absurd to suppose that all these could have originated 
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on the eastern side of the liocky Mountains. He hoped there would be more 
Papers forthcoming like the present one of Mr. Harries, which he thought dealt 
with the subject on a scale commensurate with that on which such phenomena 
operated. We should soon perhaps be able to trace a storm right round the 
world, and recognise it as an old acquaintance when it re-appeared. 

Mr. C. Harding said that Prof. Loomis in one of his works attributed a 
common cause of storms which crossed the United States to the Rocky Moim tains. 
The weatlier charts issued bjr the U. S. Signal Service certainly showea that storms 
often crossed these mountains. He had examined the charts which were used by 
Mr. Harries, and he could quite confirm the track as shown by him. It was a f re- 
Quent experience with those who worked at charts on this scale, to find several 
depressions merging into one, and in fact the eccentricities of storm-systems were 
not to be accounted for, two or three merging on some occasions and single sys- 
tems breaking up on others. He had made a careful examination of the Inter- 
national Charts of the U. S. Signal Service for some time back, and had only been 
able to find two tracks which at aU compared with that now shown by Mr. 
Harries. On March 3rd, 1878, a storm-centre was situated on the coast of 
Oregon ; it was subsequently tracked across the United States and the Atlantic, 
over the Mediterranean, Europe and Asia, and was finally lost in the Pacific on 
March 28th, within about 2,000 miles of where it first started. The second 
instance was a storm which was first shown close to the Islands of Japan on 
November 14th, 1878, and subsequently tracked across the Pacific and the United 
States, and finally lost to the north of Iceland on November 29th. 

Capt. Toynbee said he was surprised at tlie amount of material which Mr. 
Harries had collected for the Pacific, because as a rule meteorological data for 
that ocean were very scarce. With respect to Mr. Laughton*s remarks, he re- 
minded him that even if the barometer values were incorrect, the circulation of 
the wind would show the existence of a storm-system. This Paper clearly shows 
one of the difficulties which forecasters of weather have to contend with, viz. 
that storms sometimes traverse great distances in a short space of time, and on 
other occasions remain stationary for several davs together. He hoped that the 
synchronous Charts of the North Atlantic wfiich are being prepared by the 
Meteorological Office will supply scientific men with such a large amount of re- 
liable data that they will be able to settle the following questions : — (1) As to 
the cause of the formation of cyclonic systems. (2) As to the process by which 
they change their positions. (3) As to the reason why they move in certain 
tracks. (4) As to why they sometimes stand still, at others move slowly, and 
at others quickly. 

Mr. Gaster reminded the Fellows that severe comments were passed at the 
end of 1882, in the House of Lords and elsewhere, on the fact that the storm of 
October 24th had not been warned for by the Meteorological Office at 6 p.m. on 
the 23rd, and remarked that it was gratifying to find that the storm was not even 
in existence at the time when warnings could have been issued. 

Mr. Harries, in reply, said regarding Mr. Laughton^s remarks, that the actual 
values of the individual barometer readings referred to was not a very important 
matter, seeing that observations over an extensive locality reduced to sea-level 
on a uniform system showed areas of high or low pressure, as the case may be, in 
complete sympathy with observations at low level stations. Although the Chief 
Signal Officer in his report gave the ori^n of the storm as in Nebraska, he has 
in the International Track Chart given it as having crossed the Rocky Moimtains 
from the Pacific. With respect to the doubt expressed as to the coalescence of the 
two disturbances in Mid-Atlantic, without even considering the wind changes, it 
seems in the highest degree improbable, when two areas are approaching and the 
barometer in each equally low, as in the Pacific, October 2nd, and Atlantic, 
October 17th, that one of them should suddenly disappear without in any way 
infiuenciQg the survivor. The tracks mentioned by Mr. Harding are rendered 
extremely doubtful from the fact that in 1878 there were no sea observations over 
the North Pacific, and there were no records from the interior of Africa. Tlie 
track which has just been placed before the Society is, therefore, the longest that 
has been followed day by day throughout its continuance. He then referred to 
his having connected the birth of tfiis typhoon with the anticyclone from Asia, 
and said that quite recently both Dr. Doberck of Hong Kong, and Padre Vines 
of Havana, agreed in giving a rising barometer as an indication of the formation 
of tropical cyclones. 



Digitized by 



Googk 



JORDAN~PHOTOGBAPHIO SUNSHINE REOORDEB. 21 

Notes as to the Principle and Working of Jordan's Iupboved 
Photooraphio Sunshine Begordeb. By James B. Jordan and 
Frederic Gaster, F.B.Met.Soc. 

[Bead Kovember 18th, 1885.] 

The value of an antomatio recorder of bright snnBhine has for some time 
past been fully recognised by all leading meteorologists, and the public in- 
terest in the construction and use of such instruments appears to be in- 
creasing. But although it is a comparatively recent thing for Sunshine 
Becorders to have been placed in several parts of our Islands, the impor- 
tance of the subject was sufficiently recognised, more than thirty years 
ago, to induce Mr. J. Campbell, of Islay, to construct an instrument the 
general principle of which has served as a basis for all the '< burning '' 
recorders now in use. At a much earlier date than this, however, in 1888, 
an automatic Daylight or Sunlight Becorder had been invented and con- 
structed by Mr. T. B. Jordan, who wrote and published an account of his in- 
vention in the Sixth Annual Report of the Boyal Comtcall Polytechnic 
Society f p. 185. A few words as to this arrangement will be useful. 

The instrument consisted of two metal cylinders, one revolving on the 
other. The inner cylinder was fixed, and carried on its outer surface a sheet 
of sensitised photographic paper. The outer one revolved (by clockwork) 
once in twenty-four hours, and was perforated by an opening which was 
kept constantly directed towards the sun, whose rays thus acted on and 
discoloured the paper whenever his face was unobscured. When, however, 
the sky was cloudy, the paper was less deeply tinged by the ordinary 
(diffused) daylight, and in this way the varying intensity of the different 
parts of the curve gave an approximate record of the changes taking place 
in the brightness of the day. By revolving on a screw the outer cylinder 
altered its position slightly from day to day, and in this manner a week's 
record could be obtained on one sheet. 

A second instrument was proposed by the same gentleman later on, by 
which a more precise measure of the intensity of the daylight was iur- 
nished by the instrument itself. Still more recently, experiments were made 
by fixing to the hour hand of an ordinary American clock a disc of sensitised 
paper. This revolved once daily beneath a metal cover in which a hole 
was pierced. Through this hole the light rays passed to the paper disc, 
producing a trace on its surface varying in tone with the intensity of the 
light prevailing from one hour to another. Owing, however, to the imperfect 
condition of the science of photography at that date, as well as to other 
reasons, tbe instruments did not receive the attention they deserved, in 
addition to which the employment of clockwork in an instrument which must 
of necessity be so long fully exposed to all changes in the weather, made it 
either expensive or liable to irregularity of action. 

Thus matters remained until in 1854 Mr. Campbell constructed his Sun- 
shine Becorder, consisting of a burning lens (a glass ball filled with water) 
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placed in a wooden bowl, the radius of which was equal to the focal length 
of the lens. This was exposed freely to the solar rays, which burned the 
mahogany into a series of rugged furrows. Each bowl was exposed for six 
months at a time, and consequently furnished a rough record of the burning 
energy of the sun during that period. The water globe was soon replaced by 
a glass ball. The instrument was kept working in Whitehall for several years, 
and the bowls are now in the possession of the Meteorological Office. 

On the instrument coming into the hands of the Meteorological Council, a 
number of improvements were made in it, mainly by Mr. Scott and Mr. Lecky. 
A brass frame with a strip of cardboard, to be renewed daily, and marked 
with hours and half-hours, took the place of the wooden bowl. Finally a 
carcfally constructed frame was designed by Professor Stokes, so that the 
variations in the sun's declination could be duly allowed for. These improve- 
ments resulted in the issue of the ** Bright Sunshine Kecorder" now 
in use by the Meteorological Office in many parts of the British Isles, 
and the records of which promise to be of great value to meteorologists and 
others. Numerous modifications of the frame and other mountings of the 
instrument have since been proposed, all more or less admirable for their 
purpose, but in all of them the essential principle is the same. Let us, how- 
ever, observe one feature common to all : the instruments are no longer sun- 
light or daylight recorders, but recorders of bright sunshine — of sunshine 
the heat rays of which are sufficient to bum or scorch, by means of a certain 
lens, a piece of specially prepared cardboard. Hero we have a definition of 
what is now termed '* Bright Sunshine." 

There were, however, two matters which soon forced themselves on the 
notice of the bulk of Meteorologists, viz. (1) The new instruments were 
too expensive to come into very general use ; and (2) a little haze, or a film 
of cirrus cloud coming between the sun and the recorder was sufficient to 
stop the burning or scorching of the card, although the sun might be shining 
with considerable strength, and presumably exercising a great effect on the 
health and spirits of animals, and possibly on the life of plants also. 

It was in order to remedy this state of things that the new (photographic) 
recorder, the subject of this paper, was designed by Mr. James B. Jordan, 
of the Home Office. The form in which the instrument first appeared, and 
in which it was exhibited at the Meeting of the Society in March 1885, 
proved somewhat inconvenient, and was accordingly modified as shown in the 
accompanying figure (Fig. I. p. 28). 

It consists of a cylindrical dark chamber, on the inside of which is 
placed a prepared chart of photographic paper. The direct rays of sun- 
light are admitted into this chamber through small apertures; they are 
received on the sensitised paper chart, and, travelling over it by reason of the 
earth's rotation, leave a distinct trace of chemical action whenever the light is 
of sufficient intensity to show a definite shadow on a sundial. The depth of 
tone of the trace varies greatly with the intensity of the light, and thus affords 
(approximately) a record as to the brightness of the sunshine, as well as its 
duration. This is done to some extent by the " burning " recorder also, bqt 
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Fio. I. 

in the new instrnment the son will continue marking, sometimes for hours 
together, when in the old one it has ceased to do so, owing to the presence of the 
thin clouds or haze ahready referred to. The cylinder is mounted on a suitable 
stand, having a simple means of a^ustment, to admit of its being used in any 
latitude. Its a^'ustment to the true meridian is equally simple, as the upper 
portion of the frame turns on the lower by means of a central pivot. The 
charts are obtainable ready for use. The record is at once visible, needing 
no ** developing," and can be ** fixed" by simply immersing the chart in cold 
water for about ten minutes with its face downwards. 

The instrument has now been in use for several months, and answers the 
purposes for which it was constructed. 

It must be clearly understood, that there is no antagonism between the 
burning and the photographic recorder. The one registers the heat rays of 
a certain intensity, the other the actinic rays, so that in some respects the 
record of one instrument may be looked on as the complement of that of the 
other. Appended is a Table, giving the daily and aggregate values for the 
sunshine as registered by the two instruments during one month, the two 
instruments being side by side. From these we see that the photographic 
recorder registered about 11 per cent, more sunshine than its companion ; 
but this is mentioned with a view to prove that the new instrument 
does its work well, rather than to suggest that there is any defect in the 
burning recorder when well made. Defects in construction are of course too 
common in most meteorological instruments, the results of which are often 
serious ; but to remedy this the optician or maker must be appealed to. It may 
be assumed, however, that the simpler the instrument is the less liable will it 
be to such defects. 

One or two remarks must be offered as to some objections which have been 
made to this form of Recorder. 
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Sunshine Obsebvations taken at Staines. 








finrning Instrament. 1 


Photographic Instrument. 




1885. 


Hours recorded. | 


Hours recorded. 


Diff. 


Before 


After 


Total. 


Before 


After 


Total. 




Noon. 


Noon. 


Noon. 


Noon. 






May 


h. m. 


h. m. 


h. m. 


h. m. 


h. m. 


h. m. 




h. m. 


10 


I 40 


2 55 


1 35 


I 40 


2 55 


4 35 





II 


4 20 


3 40 


8 


4 30 


3 30 


8 





12 


5 30 


5 30 


II. 


6 20 


5 2S 


II 4S 


-- 45 


I13 


4 40 


2 40 


7 20 


5 20 


5 20 


10 40 


--3 20 


14 


.. 


.. 


.. 


.. 


.. 


• • 


.. 


15 


4 30 


2 30 


7 


5 


2 45 


7 45 


+ 45 


16 


• 


• 


.. 


4 2S 


3 30 


7 55 


.. 


17 


3 20 


I 20 


4 40 


3 40 


I 50 


5 30 


+ 50 


18 


4 15 


2 15 


6 30 


4 45 


2 15 


7 


4- 30 


19 


3 


I 


4 


4 


2 


6 


-j-2 


820 





15 


IS 


I 10 


35 


\ *5 


-j-I 30 


821 


2 so 


3 45 


6 3S 


4 20 


4 


8 20 


+1 45 


*22 





2 10 


2 10 





2 30 


2 30 


- 


Y 20 


23 


3 45 


4 50 


8 35 


3 so 


5 


8 so 


- 


- 15 


24 


5 SO 


5 40 


II 30 


5 50 


6 


II so 


- 


V »o 


»5 




















• • 


26 


8 


I 10 


I 18 


10 


so 


I 


— 18 


27 


I 40 


4 20 


6 


I 20 


4 40 


6 





28 


I 40 


5 10 


6 so 


2 30 


1 55 


8 2S 


+1 35 


i9 


2 30 


6 


8 30 


3 


6 20 


9 20 


+ 50 


30 


2 50 


I 20 


4 ID 


I 55 


I 55 


4 50 


+ 40 


31 


6 


3 30 


9 30 


6 2S 


3 2S 


9 50 


+ 20 


June 
















I 


4 15 


4 45 


9 


4 5 


5 20 


9 2S 


H 


- 2S 


2 


5 55 


6 15 


12 10 


6 35 


6 45 


13 20 


J 


-I 10 


3 


6 10 


6 15 


12 2S 


6 35 


6 30 


13 5 


- 


- 40 


4 


6 


6 35 


12 35 


6 40 


6 so 


13 30 


- 


- 55 


1 


5 45 


4 50 


10 35 


6 30 


5 30 


12 


- 


H 2S 


7 


3 30 


I 


4 30 


3 40 


I 


4 40 


+ "10 


»8 






















9 





3 ' 3 ■ 


I oil ) + 57 1 



1 Haiy atmoflphere throughout the day, increasuig towards sunset, 
a Very wet till 3 p.m. « Very showery. 

* Heayy rain till a p.m. * Very wet. 

* Card shifted by wind. 

(1.) It has been objected that it cannot register with uniform accuracy 
the intensity of the sunshine at all hours of the day, because as the beam of 
ligbt enters the instrument at varying angles, a certain proportion of it is 
cut off by the sides of the aperture when the angle of incidence is small. 
This would certainly be the case were it not that the intensity of the light 
on the receiving surface is increased in corresponding proportion, by the 
surface affected being nearer to the aperture through which the beam enters 
as the angle of its entering decreases. The chemical intensity of the light is 
therefore truly recorded throughout the whole range. 

(2.) As to the photographic method of recording sunshine generally — it 
has been said that a great objection to the system is the trouble of developing 
and fixing the results obtained. It is desirable, therefore, to point out that 
in Mr. Jordan's (as well as in Prof. McLeod's) instrument, the Cyanotype or 
Ferrocyanide process adopted requires no development whatever ; the image 
is distinctly marked upon the chart, and can be registered immediately it 
is removed from the cylinder ; and th^tit needs only to be '* fixed " in order 
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to preserve the record for fuJipj^; reference. The fixing is readily done by 
placing the paper for a few minutes in cold water. 

It remains only to say in conclusion, that the price of the new recorder is 
low, and to call attention to a few matters of importance to those who use 
it : — (1 .) Keep the sensitised charts, before they are used, in the dark ; 
(2.) See that they fit perfectly round the cylinder, and that the apertures 
are free from dirt ; (8.) See that the instrument is on a level and firm base, 
and adjusted to the true meridian ; (4.) Count up the hours of sunshine 
and group them according to their intensity before placing the charts in the 
water for fixing, as occasionally portions of the very faint traces may disappear 
during the operation ; (5.) Leave the chart in the water when ''fixing'' it 
for about ten or fifteen minutes, placing its face downwards, and occasionally 
shaking it a little ; (6.) Date the record with care. 

Much credit is due to Messrs. Negretti and Zambra for the careful way in 
which they have carried out the details of the instrument and brought it to 
its present compact form. 



DISCUSSION. 
Mr. Bayard exhibited the Bimshine charts from a Jordan^s recorder with 
which he had commenced registering in March 1884, and said that it would be 
seen that in some cases the traces had almost disappeared. He wished that a 
more sensitive paper could be used, as frequently the faint traces vanished when 
placed in water for fixing the record. 

Mr. Whipple remarked on the ingenuity of the instniment, and went on to 
explain the difference between the registrations of Jordan^s and Stokes* or 
Campbell's sunshine recorder, the one registering rays at the blue end, the other 
at the red end of the solar spectrum. He thought it was very desirable that 
the two modes of registration should be kept distinct, as neither was in itself a 
perfect record of sunshine, one supplying what the other lacked. 

Mr. Lecky agreed with Mr. Wlupple as to the ingenuity displayed in the 
construction of the instrument, but thought that the registration of sunshine by 
photography was of very little use in meteorology. 

Mr. Symons said he had had very little experience indeed in the use of sunshine 
recorders, but the question had lateljr been considered by the Council of the 
Royal Botanic Society, and the conclusion they came to was that, so far as botany 
was concerned, the actinic rays were the more important ; thev, however, decided 
upon recording both heat rays and actinic rays. He should like some one to say 
what degree above the horizon a sunshine recorder must be placed in order to 
record the sunshine as soon after sunrise as possible. Mr. Symons supported 
Mr. Whipple's caution as to confusing the two systems of recording ; possibly 
it would be avoided by giving to the photographic method the title of " sunlight" 
recorder. 

Mr. £llis remarked that record could not generally be obtained under an 
altitude of the sun of 5°, or at least that there should be no obstacles above this 
altitude. He was not prepared to say what this represented in time. (Subse- 
quently Mr. Ellis stated that 5** represents about 40 minutes, more or less accord- 
ing to the time of year.) 

The President (Mr. Scott) said that Mr. Dowson, at Geldeston, had obtained 
a record as early as twentv minutes after sunrise. Mr. W. E. Wilson, F.R.A.S., 
a friend of his in Ireland, had lately patented an instrument for the record of 
sun heat, which was extremely sensitive and apparently would rival Mr. Jordan*s 
instrument in that particular. 

Mr. Gaster said, in reply, that the matter referred to by Mr. Whipple had, he 
thought, been sufficiently dwelt upon in the paper ; and that as to Mr. Lecky *s 
objection, it would be necessary first to prove that the actinic rays in sunlight are 
of no importance before asking to h«ve them neglected, 
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On THE Influence of Fobests upon Climate. By Dr. A, Woekof, 

Hon.Mem.B.Met.Soo. 
(Translated from Fetermann'a Mittheilungen, 1885, No. 3 ; and commnnicated by J. S. 
Harding, F.B.Met.Soo.) 

[Bead December 16th, 1885.] 

The existence of any influence of forests npon climate has often been con- 
tested, and the question remained for a long time unsettled, because meteoro- 
logists were content to apply principles of too general a character. The 
first step towards a scientific investigation of the subject was the estab- 
lishment of the Bavarian Forest Meteorological Stations, the results of which 
have been published by Professor Ebermayer. The excellent example of 
Bavaria was soon followed by Germany, France, Switzerland, Italy, and 
other countries. As a general result it was found that during the wanner 
season (1) the air and earth temperatures were lower in the forest than in 
contiguous woodless places; (2) their variations were less; and (8) the 
relative humidity was greater. 

The following details, referring to the amounts of evaporation from April 
to September, are quoted as being of special importance : — 



Eastern France .............. 


In the Open. 


In the Forest. 


Percentages. 


Ins. 

1 16-23 

13-19 

14-85 
15-71 
9.93 • 
10-52 


Ins. 
520 
626 

6-22 

6*42 
473 
4-17 


312 
211 
239 

H5 
210 
252 


The Alsatian Mountains 

Bavaria 


Brandenburg , . 




The Silesian Mountains 



1 NoTi. The measures have been oonrerted to their English oquivalentB, oocasioiially altering the 
r ouud uumh^t employed by the Author. [ TYatu.] 

It will be therefore seen that the evaporation from a free surface of water 
in the open was everywhere more than double, and even above three times 
that in the forest. In Bavaria, the evaporation from soil saturated with 
water was observed. This amounted in the same seven months to 16*07 
ins. in the open, 6*26 ins. in the forest without dead leaves, and 2*44 ins. in 
the forest with them. This experiment shows that the evaporation in the 
open is 6^ times as much as in the forest with the covering of dead leaves. 
The influence of the forest on the diminution of evaporation from water and 
ground is so great that this cannot.be explained by the lower temperature of 
the warmer months only, by greater humidity, or even by the shade : one 
influence which has hitherto been too little regarded is especially important 
in efifecting this result, viz. protection from the wind afforded by the fact of 
the trees standing closely together. This last cause is probably more im- 
portant in its effects than all the others put together. 

The diminution in wind force which is caused by the presence of trees 
is well known, although we have unfortunately no numerical data with 
reference to it ; but it could easily be investigated by the erection of anemo- 
meter?. It follows also frpm the laws of Mechanics, that if this diminution 
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of the wind in forests is chiefly evident in the lower strata of the air below 
the tops of the trees, it cannot cease immediately above them, bat owing to 
the so-called viscosity of the atmosphere, must extend to a considerable height, 
so that the motion of the air must be weakened np to five or even ten times the 
height of the trees. This indicates the extent of the favourable influence 
which forests must exert in maintaining the humidity existing in air or soil ; 
and naturally the denser the forest and the higher the trees, the greater is 
this influence. But if this action is incontrovertible, the same cannot be 
said of the influence of forests upon rainfall, &c. ; an influence which is as 
often asserted as it is denied. Hitherto the best observations giving compara- 
tive values and maintained for a sufficient length of time were those made in 
the neighbourhood of Nancy. 

The three stations were situated as follows :— 

A. Cinq Tranch^es, about five miles west of Nancy, in the midst of great 
forests, 1,247 feet above sea-level, on a plateau of Lower Oolite rooks ; the 
rain-gauge being placed in a meadow of some acres in extent. 

B. Belle-Fontaine, about four miles north-west of Nancy in a valley on 
the border of the forests, 787 feet above sea-level. The rain-gauge is here 
placed in a nursery garden. 

C. Amance, about six miles north-east of Nancy, on a hill of Lower Oolite, 
1,247 feet above sea-level. The district is almost woodless, fields being pre- 
dominant. 

It will be seen that for A and C at least the height above sea-level and 
the rock formations are identical; the surrounding country is not moun- 
tainous but only hilly. 

The following are the amounts of rainfall, &c. deduced from the mean of 
seven years' observations : — 







Cinq Tranch^es. 


Amanoe. 






Idb. 


Ins. 


February to April ... 


••• 


6-26 


6-87 


May to July 


... 


7-86 


6-60 


August to October . . . 


... 


7-60 


6-18 


November to January 


8-40 

Annual total 29*62 


6-97 




25-52 



In eighty-four months there were sixty-three in which A had more rain 
than C. In two, the falls were equal, and there were only nineteen in 
which had more rain than A. July 1872, and July and August 1875, 
have been excluded from the calculation, because the great diflerence shown 
in those months was probably due to violent showers ; if these are included, 
we get the following annual sums, A = 80*21 ins., B = 27*29 ins., and C 
= 25*66 ins. The station B occupies an intermediate place between A and 
C. The observations indicate a considerable influence of forests on the in- 
crease of rainfall. It would seem that in winter the eflect of forests upon 
rainfall ought to be unimportant in the climate of Central Europe, — the difler- 
ence of temperature and humidity between forest and field being very small, 
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and the amount of vapour in the atmosphere inconsiderahle. The observa- 
tions, however, show that during this season the forest really receives much 
more rainfall, &o. this heing accounted for by the following facts : — (1.) In 
winter the clouds being at a lower level than at other seasons, the obstruction 
caused by the forest to the motion of the air must then considerably affect 
their motion ; the air will consequently be forced upwards, and at a time of 
great relative humidity a small change of level suffices to produce condensa- 
tion of the vapour. (2.) In winter damp West winds are more frequent, and 
the rainfall is of longer duration ; hence the greater importance of forest in- 
fluence at that season. In the spring and early summer the effect of forests 
upon the increase of rainfall is mucH diminished, because at these seasons 
there is considerable evaporation from the surfaces of fields and meadows ; 
probably more water evaporates then from a given extent of field than from an 
equal surface of forest, taking into account the evaporation both from crops 
and soil. Towards the end of summer and the beginning of autumn the 
soil of the fields is considerably dried up, com is ripe and evaporates but little, 
while the surfaces of the leaves in the forests still evaporate freely. Conditions 
then are more favourable to an increased humidity of the air in the forests, 
and hence to more copious and frequent rainfalls. There are other modes of 
condensation of vapour for which forests are especially favourable. In winter 
large quantities of hoar frost collect upon coniferous trees, which by the action 
of the wind falls, increasing the amount of snow on the ground. In warm 
and moist climates, especially in the tropics, dew collects so freely on the 
surface of leaves as to fall in large drops and wet the ground. In this manner 
a considerable amount of the water evaporated during the day returns again 
to the earth in the form of dew the following night. 

The question now arises whether similar instances of the influence of 
forests are exhibited in other climates. Since no observations taken at 
forest meteorological stations in low latitudes were available, the question 
must be put otherwise : — Have great forest systems such an influence on the 
climate, that their effect may or may not be similarly recognisable in obser- 
vations taken outside of forest limits? India affords good examples of 
this. It should be remarked here, that the diminution of temperature as 
we proceed northwards takes place very slowly, for example, it only amounts 
to about 0°-14 F. per 1° of latitude between lats. 19°— 81°. It must also be 
observed that in Northern India the months April — June have justly been 
called the hot season and are extremely dry over a great part of the country, 
for the heavy falls of rain only commence about the end of June. The heat 
and drought are most intense in the interior, being naturally moderated 
on the coasts by the proximity of the sea. Between lats. 23° — 27° in 
Northern India districts exist with scarcely any forests, such as the greater 
part of Bengal, the North-west Provinces, and Oude. There are also 
thickly wooded countries, Assam (the central district of the Brahmapootra), 
Silhet, Cachar, and the region east of the lower course of the Brahmapootra. 
It will be seen from the table given on p. 80 that in the timbered districts of 
Northern India, even at some distance from the sea-coast, (1.) the hot period 



Digitized by 



Googk 



WOBIKOP — THE INFLUENCE OF P0BEST8 UPON CLIUATE. 29 

in April to Jmie disappears, so that the temperature rises nninterraptedly from 
January to July. (2.) The mean temperature of the months April to June is 
from 7° to 11** lower than in the unwooded regions equally remote from the 
sea, a di£ference observed nowhere else on the globe between stations so close 
together and having no intervening mountains between them. (8.) The 
maxima differ even to a greater extent than the means, and are scarcely higher 
in the forest districts of Northern India than in Central and Southern Bussia ; 
whilst in the woodless parts of Northern India, even in close proximity to the 
sea, temperatures exceeding 104°, and frequently 118°, occur annually. (4.) 
The humidity of the air is great, especially in the densely wooded districts 
of Upper Assam (Sibsagar), which during April to June exceeds the mean 
relative humidity of woodless regions at an equal distance from the sea by 
40 per cent. (5.) This may perhaps tend to explain the early commencement 
and gradual regular increase of rainfall in the timbered countries. To the 
westward of the district we find a sudden decrease of temperature in June or 
July, whilst after the prevalent winds of summer have set in, the rains keep 
off for a long time on account of the air being too hot and too dry for pre- 
cipitation. (6.) In order to show that the relative humidity in Sibsagar is 
not high only in the rainy months, the means for December, which is almost 
rainless there, are also given. Yet the mean humidity is 82 per cent., against 
60 per cent, in Patna, which lies much nearer to the sea-coast. 

The Table requires no farther explanation. The figures are taken from 
the Report on the Meteorology of Indian 1880, with the exception of the 
maxima, which have been calculated from the separate years 1877-80, as in 
these years the exposure of the thermometers was good and their corrections 
were known. The maxima almost always fall in the months April to July, 
and if, as seldom happens, they fall at other times, they differ but Httle from 
the maxima observed in those months. 

It may be argued that the high humidity and the relatively low temperature 
in Upper Assam from April to June may be a consequence of the general 
climatic position, and not of the dense forests which exist there. This is only 
the case to a certain extent. Upper Assam is fax distant from the hottest 
and driest parts of India; the Table points out that even the proximity of the 
sea moderates the heat less than do the forests (see Saugor Island). It should 
also be noted that Upper Assam has a position to the leeward of the damp 
South-west Monsoon ; this must diminish the amount of rainfall and even give 
rise to FOhn winds. In fact, Sibsagar in Juno and July is warmer and drier 
than Goalpara. A glance at the map shows that the Khassia mountains lie 
to the South-west ; on the slopes and summits of these the rainfall is the most 
copious known upon the Earth, and fails almost exclusively between May and 
October. As the wind rises over the mountains, before it descends into the 
valleys of the Central Brahmapootra, it must be relatively dry. These 
mountains therefore cut off the direct supply of moist air, allowing only a 
small arm of the moist Monsoon to penetrate the country indirectly from the 
West. There is scarcely any increase of rainfall as fiir as Sibsagar, on 
account of the ascent of the air, for the place is scarcely more than 360 feet 
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5i- 



Place. 



Tebbitobt without 

FOBESTS. 

Agra 

Luoknow 

Allahabad 

Patna 

Berhampore 

Burdwan 

Saugor Island 



Forest Tebbitobt. 

Silcbar 

Goalpara 

Sibsoffar 



Distance 
from the 



Mean Temperature. 



Miles. 
687 
526 

424 
277 
168 
121 
On Sea 



87-3 
86'5 
87-4 
86*6 
85-2 
86*0 
84*2 



183 178-1 
265 , 77*6 
345 ' 74-0 



I 



93'* 
917 
921 
88-6 
855 
85-5 
85-8 



941 
923 
91*6 
88-6 
845 
85-3 
857 



871 
86-4 
85-0 
847 
83-4 
84-0 

83-9 



8o-o 817 8i*9 
78*5' 8o-2! 81-4 
77-61 827I 8r3 



I 



6r8 

607 
6o'5 
62'3 



787 
78-1 
77-1 
77-8 



65-81 78-1 
66-8| 788 
68-2' 79*5 



657 IS'^ 98-1 
649 749 97'i 
607' 733 984 



Mean 
Max. 

April- 
July. 



"7-3; 
117-0 
ii6*f 
111-7 
1087 
107*6 
95-0 



■CS'O 

5 - 



Place. 



Tebbitobt without 
F0BE8TB. 

Agra 

Luoknow .... 
Allahabad .... 

Patna 

Berhampore . . 
Burdwan .... 
Saugor Island 



Belatiye 
Humidity. 



0/00/0 



38^ 

36 

38 

60 

60 



Fobest Tebbitobt. 

Silcbar 

Goalpara 

Sibsagar 



0/0 0/0 



31I344069 



0/0 
54 
60 
69 

59 
681798569 
68, 78^8466 



581 
62' 
60 
72 

8o;8o'83'85.'74'8o' 



5'i73 
50,78 
6278 






Bainfall. 



0/0 lus. 
5o| 0-17 



015 
o*i6 
0*30 

2*11 

2*64 

141 



I 



Ins. 
071 
079 
o'33 
1*46 
4-58 

475 
4-38 



72 77 83 84 7^ 

68 77|87 86|73 _ 

8082838484182110*29 111*07 



^ 



Ins. I Ins. 
2-85: 9*13 
4*41 10*85 
4*24 112*03 
6*55 'io*i9 
9*97 10*56 

I0-02 1 1 2*05 I 

11*67 14-37! 



a 



7612*13 14-47 

7S 6*32 '12-48 



Ins. 
0-26 
0*42 
0-12 
0*13 
0-09 
0-14 
0-20 



19-15 ■21*23 ' 

25'94 !i7*97 

15*07 1 571 I 0-52 



0*50 
0*30 



Ins. 

25*46 

37-91 

379' 

41*04 

5637 
57-83 
72-40 



117-11 
95*26 
9464 



above sea-lovcl, and snfficionUy remote from the mountains on the north and 
east. A similar example of the moderation of the heat by extensive forests is 
found in South America, much nearer to the Equator than in India ; unfor- 
tunately, however, few observations are available. The following Table 
represents the conditions prevailing in that region. The distance from the 
Atlantic is shown because the influence of the Pacific Ocean is quite cut off 
by the Andes and the territory of the Amazon. All the places are probably 
under 660 feet above the level of the sea. 

In the accompanying table Iquitos is especially worthy of notice — situated 
almost under the Equator, very far from the sea on a plain scarcely 850 feet 
above the level of the sea and yet having an absolute maximum of 90°-3, the 
warmest month being but 7b°*8. Every volume of travels (especially Bates*8 
work, Tlie XcUvralUt in the Amazons) testifies to the density of the forests 
and the luxuriance of vegetation in these countries. The rainfall also is 
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81 



Place. 



Par& 

Man6o8 

Iquitos 

Pemambaco 

San Antonio (on the Biver 
Madeira) , 



2 


Distanoe 

from 
Atlantic. 


Mean Temperature. 


^M 


11 


1 


Year. 


1 Warmest 
' month. 


< 


4 


miles. 

62 


806 


sh 




• • 


0/0 


3 


7^5 


79-0 


8o-6 


963 


80 


2i 


1305 


76-6 


! 78-3 


90-3 


83 


8 


on coast 


783 


8o-8 


891 


7a 


9 


1087 


78-8 


1 8o-6 


• • 


.. 



especially large, 112 inches a year ; and exceeds that observed anywhere else 
at a similar distance from the sea or mountain ranges. It is also remarkable 
that Para, which is nearer the sea, has a higher temperature. 

San Antonio, on the Biver Madeira, is somewhat warmer than Pemambaco, 
on the sea coast ; but the following facts must be taken into consideration : — 
(1.) That there is much rock near the river Madeira, and therefore favour- 
able conditions exist for the heating of the air by radiation from these rocks. 
(2.) At Pemambuco the East wind from the sea prevails, which cools down 
the air. On the other hand, the air is drier at Pemambuco than in the 
wooded districts of the interior. Table No. 2 shows that dense forests near 
the Equator cool the air as much as or even more than the sea does, and that 
high maxima do not occur where extensive forests exist. It has already been 
stated that this is due to evaporation from the leaves and to the diminution 
of the wind's force. In the first case, the effect of thick, low, vegetable 
growths is analogous : but (1) the diminution of the wind's force is incon- 
siderable, hence the humidity can more rapidly be carried away ; (2) In the 
cose of plants such as grasses, which are not deeply rooted, the moisture of 
the ground is soon exhausted, and they quickly wither if rain does not fall 
frequently ; little evaporation then takes place, and the cooling effect is 
diminished. 

Forests retain the water from rain or melting snow much better by the 
covering of dead leaves, mould and moss, and only allow a portion to run off 
superficially when large quantities of. water fall ; the remainder percolates 
gradually, and much of it is utilised in evaporation from the trees. Although 
forests, especially the dense luxurious forests of the tropics, cannot, of course, 
exist without a certain supply of water, yet the time when they receive it is of 
little import to them. A good instance of this is the Lencoran Forest, on the 
west coast of the Caspian Sea, where vegetation is more luxuriant than in 
any part of Europe ; for a mass of climbing plants encircles the trees so 
that it is always humid in the forest, and yet here the rain curve is a sub- 
tropical one, very little rain falling in summer, but largo quantities in autumn 
and winter. The water is stored up in the forest, so maintaining evapora- 
tion during the summer droughts. 

In Upper Assam also, during the four months November to Fobruar}% 
little rain falls, but the evaporation of the forests keeps the air damp. It 
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would appear that the inflaence of dense forests of warm regions upon rainiall 
is such that, if the general climatic conditions are opposed to rain little rain 
fiEtlls, even where those forests are extensive. This is the case when the wind 
is constantly descending, or blows from cooler and drier quarters, — as from 
November to Febroary in Assam, when North-east winds prevail. If there is 
a strong wind from warmer and damper quarters, and especially if it has an 
ascending motion, the conditions are favourable for rain, whether forest, field 
or steppe predominate. Weather types are very far from being always so 
strongly defined. Frequently, in the vicinity of the Equator, the winds are 
variable or local ; or calms prevail. Under such conditions dense forests must 
be favourable to rainfall, as offering an obstacle to the wind*s movement, they 
cause the air to ascend ; and since it is already damp, condensation ensues. 
With the same direction of wind there would be little or no rain in woodless 
regions. During calms and clear weather, after a long drought, the ascend- 
ing current over forests is much more humid than that over unwooded 
districts where the ground is dried up, and vegetation withered. Here then 
are conditions again more favourable for rain production ; in the former case 
oven calms alone may cause rain with an ascending current ; an example of 
this may bo quoted in the case of the frequent afternoon thunderstorms in 
well-protected Alpine valleys. The correctness of the above remarks is 
proved by the frequent earlier commencement of rain in the tropical forests. 

Attention has before been drawn to the humidity of the air and the 
relatively low maxima in forest districts of low latitudes. It must not bo 
understood, however, that damp air is incompatible with high temperature. 
The climate of the Bed Sea proves the contrary. There the relative humidity 
of the air is very great, with a mean temperature for several months of over 
86°, whilst a temperature of 104° and upwards is sometimes observed. In 
forests the humidity is, however, chiefly derived from leaves, i,e. by a process 
by which heat is converted into work, hence the cooling effect which takes 
place. With regard to the question as to whether the influence of forests on 
the climatic conditions of their vicinity is also manifested in the western 
portion of the world, — in latitudes 38° — 50° N, — let us select the tempera- 
ture of July as being the warmest month. On the >vliole the temperature 
is lower on the shores of the Atlantic Ocean, and rises towards the interior 
of the continent. In the following tables only observations beyond forest 
limits have been taken, and in order to allow for the influence of latitude, 
it has been assumed that the temperature increases to the southward at the 
rate of 0°-9 F. (0°-5 C.) for each degree of latitude. For every 828 feet 
(100 metres) of altitude a correction of 1°'8 has been applied. The results 
are not reduced, however, to the sea-level, but to 656 feet above it. This 
lessens the reductions for the greater number of stations, and also diminishes 
the possible error. 

Mean temperature of July reduced to 52° N latitude and to 656 feet above 
sea-level : — 
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o o 

Valencia (Ireland) 57-6. Orel & Kursk (Mean) 67'6. 

Leipzig 62-6. Poljanki (Ssaratow) 66-7. 

Warsaw 64-8. Orenburg 69-1. 

Tschemigow 65* 1. Akmollinsk (Kirghiz steppe) 70*0. 

There is here a rapid rise of temperature from the ocean to Central 
Germany and Poland, where it is partially interrupted. It is scarcely notice- 
able from Warsaw, as far as the district of the central Dnieper, on account 
of the numerous forests and marshes. It increases rapidly again to the 
Tschemosjem district of Central Russia with its ahnost uninterrupted fields, 
then falls more than 1^*8 in the great forests at the sources of the Ssura,. to 
rise again in the steppes of Orenburg and Kirghiz. 

Mean temperature of July reduced to 50° N latitude and 656 feet above 
sea-level : — 

o o 

Guernsey 59*5. Troppau 68-0. 

Brussels 62-6. Arvavaralja (N.W. Hungary) 64-2. 

Wiirzburg 68'0. Lemberg 65'5. 

Promenhof (N.W. Bohemia) 64-4. Kiew 66*2. 

Prague 68-0. Charkow 68-4. 

Hochwald 68*7. Ssemipalatinsk 72-7. 

Again there is a rise of temperature from the ocean to the valley of the 
Main ; then the great forest regions in the West and East of Bohemia cause 
a considerable fall ; in the middle of that country it is again higher, and also 
in Austrian Silesia. In the densely wooded valleys of the Hungarian Car- 
pathians it is much lower. In Eastern Gallicia, far from the Carpathians, the 
influence of the adjacent forests is so great that the temperature is lower than 
in the valley of the Main and in Central Bohemia. At Kiew it is still lower 
than in the above mentioned districts ; for forests and marshes extend nearly 
to the town on the north-west and north-east sides. Even Charkow is little 
warmer than Prague.^ Great woods existed there even recently ; but further 
to the east, where there are only steppes, it is much warmer. 

Mean temperature of July, reduced to 48° N. latitude and 656 feet above 
sea-level ; — 

o o 

Bistritz (Transsylvania) 68*0. 
Czernowitz 68*9. 

Ekaterinoslaw 71 •6. 

Lugan (S. Russian steppes) 72*5 
Irgis (Kirghiz steppes) 75*6. 

The temperature increases from the Atlantic Ocean as far as the PusztsB^ 
of Hungary. But it is much lower in the forests in the east of this country ; 
but the relatively low temperature of Czernowitz in the Bukowina is especially 

^ Steppes. In^Ogilvie'* pronoimced PoostsB. 
HEW 8XBIB8. — ^VOL. ZU. O 



Brest 


62-2. 


Versailles 


66-6. 


Carlsruhe 


66-6. 


Vienna 


67-8. 


?sS:r'iH"8«^ 


70-7. 
68-9. 
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remarkable. This place is a long way from the ocean and is separated from it 
by mountains, but near to the South Bussian steppes and not separated from 
them by any obstacle, and yet July is considerably colder here than in the 
middle of Hungary. The surrounding beech forests are certainly one of the 
principal causes of this {)henomenon. Further eastwards a great rise of tem- 
perature is observable from the Southern Bussian steppes, where agriculture 
without irrigation is extensively carried on, as far as the Caspian steppes, on 
which it is no longer possible. 

Mean temperature of July reduced to 46° N latitude and 656 feet above 
sea-level : — 

o 
Orawlcza ) Mountains 67*5. 
Pojana Buskaj S.E. Hungary 67-8. 
Odessa 71-2. 

Cherson 72-5. 

Astrakan 75*6. 

Baimsk and Easalinsk 76*1. 

(Syr-Daija) 
The high temperatures of July at Trieste, on the sea-coast, are noteworthy. 
But it is well known the environs of the town are bare and sunburnt, and 
how strongly the sun heats the rocks. The temperature is lower in the high- 
lands of Croatia, where large forests still exist. There is no doubt that in 
the interior of Servia and Bosnia the temperature in summer is lower still, 
owing to the same cause ; while near the sea, where the surface is bare rock, 
the temperature reaches a higher point.* 
Mean temperature reduced to 42° N latitude and 656 feet above sea-level : — 

Oporto 
Bome 



LaBochelle 


66°7. 


Milan 


69-8. 


Trieste 


72-7. 


Zaghrab (Agram) 


71-1. 


Szegedin ) Hnngarian 
Arad j Pasztn 


71-6. 


780. 



67-6. 


Knta'is 


780 


75-2. 


Tiflis 


78-8. 


74-8. 


NukuBB and Petroalexan- 




70-9. 


drowsk (Amu-Dturja) 


80-2. 



Poti 

Here we see a relatively low temperature in the vicinity of the thick forests 
of Mingrelia (Poti), amounting to 8^*6 lower than on the shores of the Adria, 
in rocky Dalmatia. 

From the position of Poti, situated much frirther in the interior of the 
continent, we should rather have expected a higher temperature. Even at 

^ In an appendix to the paper the author refers to Tables published in the Oester- 
reiehische ZeiUehrift fUr Meteorologies 1885, No. 1, for these ooontries, which confirm 
his view in a remarkable manner. Reducing the Tables to latitude 44° and to 656 feet 
(200 metres) above sea-level (assuming as before a decrease of temperature of 0-9 F. 
(0*5 C.) for 1° of latitude and 1°*8 F. (0°'7 C.) for 828 feet (100 metres) of elevation), it 
was shown that (1) the temperature in summer in Bosnia was from 4°'5 to 8°'l cooler 
than in the Herzegovina ; and that (2) even on the Island of Lissa, where under the 
full influence of the Adriatic Sea the summer should be cooler, the temperative is more 
than 1°'8 higher than it is in Bosnia, which Is separated from the sea by high moun- 
tains. Hence he concludes that Bosnia owes this relatively cool summer to her 
extensive foie8t8.^rfafM2ator. 
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Kntais, remote from the sea, July is cooler than at the sea-shore in Dahnatia. 
Tiflis is warmer still ; here we have an ahsence of forests not only in the 
valley, but also on the mountain slopes, rendering, generally, the valley 
abnormally hot. The places on the Amu-Darja, being situated in tlie plain, 
represent better the general conditions of the region. It is to be observed 
that here July is probably cooler than in the adjacent steppes, owing to 
irrigation. 

Mean temperature of July reduced to 88^ N latitude and 656 feet above 
sea-level : — 



Xiisbon 


70°5. 


o 

Smyrna 77*9. 


Campo Maior 


76-8. 


Lenkoran 74-7. 


Palermo 


76-5. 


Krasnowodsk 82-0. 


Athens 


79-2. 





In Portugal, which is poor in forests, the temperature rises very rapidly 
towards the interior, — the ground is much heated during the almost rainless 
summer. The heat is still greater in stony Attica, notwithstanding the 
proximity of the sea. The case is dififerent in Lenkoran, near which dense 
forests exist and greatly cool the air. On the contrary, on the eastern shore 
of the Caspian, owing to the desert of sand and stone, the temperature is 
very high. 

If we take the temperatures of Lenkoran and Poti, that is, of two places in 
the vicinity of very thick luxuriant forests, without reducing them to 656 feet 
(200 metres), but reduce those of Lenkoran alone to latitude 42°N, we 
obtain a temperature of 75®'l, or 0°'4 more than the mean temperature of July 
at Poti. 

The above considerations show that in the western portions of the Old 
World extensive forests materially influence the temperature of neighbouring 
localities, and that the normal increase of the temperature from the Atlantic 
Ocean towards the interior of the continent is not only interrupted by their 
agency, but that they cause the summer to be cooler in regions situated further 
in the interior than those nearer the sea. 

Hence forests exert an influence on climate which does not cease at their 
borders, but is exerted over a greater or less district, according to the size, 
character and position of the forests. Hence it naturally follows that man, by 
clearing forests in one place and planting others in another, may considerably 
affect the climate. Many incline to the idea that, as forests increase precipi- 
tation, it would only be necessar}' to plant in order to remove deserts from 
the earth's surface. No person familiar with meteorological questions will, of 
course, assume such an extreme position. If the forest economises rain- 
fall, stores it up for a long time, and even to a certain extent increases 
precipitation, many parts of our earth are nevertheless too dry to support 
trees, forest vegetation requiring much water. On the other hand, thin 
forests and such as consist of trees the leaf surface of which is of a waxy 
character, which diminishes evaporation, are certainly able to survive in 
drier climates than denser forests consisting of trees which evaporate 
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more freely ; but the former have less effect in moderating heat and drought 
than the latter. On the other hand, the widespread opinion that no forests 
can exist where none existed at the time of the appearance of civilised man 
is open to doubt. The success of forest culture in the Steppes of Southern 
Bussia, the Prairies of North America, and the Pampas of South America, 
sufficiently prove the untenability of this opinion. If afforestation has not 
hitherto assumed large dimensions, it has been rather as a matter of economy 
than of climate. 

Other growths, such as com, or the use of the land for pasture, &c. have 
been more remunerative to private individuals — ^human life being of but short 
duration as compared with that of trees. 

If there be only a certain amount of rainfall, no matter at what time of the 
year it occurs, forests can flourish. Even long periods of drought are much 
less injurious to forests than they are to meadows and fields ; and the impossi- 
bility of forest culture in a country is not due to the occurrence of rainless 
periods, provided that copious precipitation falls at other times. 



DISCUSSION. 
Mr. W. B. Tripp exhibited a coloured map of Soutli Africa, showing the mean 
annual rainfall, based upon the figures published in the Reports of the Cape Meteoro- 
logical Commission, He said that South Africa may be described as a Table 
land, approached on all sides from the coast, by successive terraces of hills. The 
Rainfall varied from about 2 ins. at the north- west boundary to some 50 or 60 ins. 
on Table Mountain, the Katberg, and other mountainous regions ; the mean was 
greatest on the east coast, to the north-west it rose in Natal to over 40 ins. 
Local hills and forests modify the total fall very considerably over small areas. 
The total annual fall was, however, for the most part fairly distributed throughout 
the year: that at King William's Town, in the Eastern Province, where Mr. Tripp 
and others have kept meteorological records for some years, presenting the follow- 
ing characteristics. The extremes during the fifteen years succeeding 1868 were 
15 ins. and 37 ins., and the average 26 ins. Of the average, about 9j^ ins. fell 
during the summer from January to March, and nearly 8 ins. in the spnng from 
October to December, and about 4^ ins. each in the autumn and winter. During 
a total of 283 days on which rain fell, from June 1880 to March 1883, as observea 
by Mr. Tripp, 70 ins. of rain were registered at the Botanical Gardens. Of this, 
30*25 ins., taken on 242 days, were made up of falls of imder 0*50 in. in twenty- 
four hours, 19*88 ins., on twenty-eight days, of from 0*50 in. to 1*0 in., and 19*87 
Ins., on thirteen days, of falls of 1 in. and over. On only one occasion did the 
fall reach 2 ins. in twenty-four hours ; although there are on record falls 
greatly exceeding this amount, such are, however, rare. The annual distribu- 
tion, of course, varies from the above results in other parts of the colony. The 
greater part of the country may now, in spite of some fragments of the 
original forests which still remain, be said to be practically devoid of trees. 
Mr. Tripp was of opinion that drought is not by any means the chief cause of this 
denudation, wholesale tree felling, without proper regulation, being a much more 
destructive agency. Nor is drought the only obstacle to re-afforesting, for in 
some parts the soil is too saline to permit or much successful tree planting ; 
occasionally, however, it has been found practicable, after much perseverance, 
• in such places to grow some species by penetrating through a saline surface soil 
to a deeper and purer stratum. Still there are many parts now denuded where 
there is good evidence to show that trees once were plentiful. The Cape (lovem- 
ment has of late years made considerable efforts to preserve those portions of 
the forests which remain, as well as to re-afforest those parts which have been 
denuded of trees, and also to plant trees where their influence might be beneficial 
on various accounts. The Superintendent of Forests lias given his opinion tliat by 
clothing the sides of the hills with trees, more especially from the Konisberg to 
the Compass Berg at the south, a very beneficial effect would be exercii$cd ou 
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the more inland regions known as the Karroo, and other portions of the country, 
where the temperature is high, the rainfall low, and evaporation is very great ; 
but where water only is needed to render the desert fertile. But whether or not 
there is any doubt as to the eflfect of forests to produce rainfall, tliere must be 
less, Mr. Tripp thinks, as to their beneficial effects, in most cases, in regulating 
the flow off tlie ground of the rain after it has fallen. Ho said " most cases," 
because it is well known that in certain cases the water of small streams has 
been completely absorbed by planting near them fast growing trees. In most 
countries tliere is a sufficient rainfall for practical purposes, if the water could 
only be stored. In such cases as that of South Africa, however, the great mis- 
fortune is, that after rain a torrent may flow off the ground for a short time, 
while the ground soon returns to its parched condition, and the watercourses are 
left dry. It must be allowed, he thinks, that the hills arc the great rain producers; 
but while we are perforce obliged to take the hills as we find them, we can, by 
clothing their sides with forests, convert them into a series of sponges or storage 
reservoirs absorbing the rain, and allowing it gradually to flow off, and from such 
districts perennial streams flow, instead of the intermittent torrents, dry for several 
months in the year, which we often meet with. He thought the Society was 
indebted to the author and the translator of this paper for much interesting and 
valuable matter put into a convenient shape. Forestry has attracted, until 
recently, comparatively little attention in England, this result being in his opinion 
due to the moist and equable character of the climate. But the subject is of 
extreme importance, when considered with relation to South Africa or other dry 
and comparatively desert portions of the globe. And this is quite irrespective of 
the value of the timber as a marketable commodity, which is very great, although 
in the case of new forests time is an important tliough vexatious element in the 
consideration of all parts of the subject. 

Mr. Laughton asked whether any observations had ever been made which 
distinctly prove tlie very common statement that forests exert a direct influence on 
rainfall. The only observations on this point to which Dr. Woeikof referred could 
not be accepted as either satisfactory or conclusive. The stations were eleven miles 
apart, and it was impossible to say that the difference in the amount of rainfall 
registered at these two places was not due to some local causes, rather than to 
the presence of a forest at the one place and its absence at the other. Of the 
climatic influence of forests he thought there was no doubt, and he fully agreed 
with Mr. Tripp's remark as to the enormous importance of woodland in regulating 
the water supply of the district. 

Mr. Symons said that, like Mr. Laughton, he had been unable to find any reliable 
statistical evidence in support of the general belief as to the influence of forests 
on rainfall. There was an exceedingly readable and interesting book written by the 
Hon. G. P. Marsh' on this subject, but no statistics of any importance were siven. 
Dr. Ebermayer had also given a considerable amount of statistics in his book, but 
the observations covered a very short period, and the situation of the stations was, 
in his opinion, not unexceptionable. The strongest case he knew of in support 
of the statement that the growth of forests increased the rainfall, was that of the 
island of Ascension. The authorities there applied to Kew for some plants, as 
they wished the place to present a more attractive appearance. The plants were 
sent and planted, and the growth has gradually increased with the result, that the 
rainfall has been appreciably augmented. In the case of the Suez Canal, too, the 
old records show a small amount of rainfall for this district before the Canal 
was made ; but since the Canal has been cut, and especially near Ismailia, which 
was well planted with trees, the rainfall has been materially increased. Definite 
information in the form of reliable observations is very much wanted. 

Capt. ToYNBEE suggested tliat it was possible that the trees in a forest checked 
the speed of the wind, and so the air becoming calmer had probably an increased 
tendency to rise, which would cause rain to f idl more fi'cely. 

Mr. Gamble remarked that he had prepared thirteen rainfall maps for Soutli 
Africa, one for each month, and one for the year, for exhibition in the Indian 
and Colonial Exhibition of 1886. 

Mr. Baldwin Latham said that the Paper, although interesting, did not carry 

1 1%4 Smih M modi/Ud bg Ufunqn A9thn, A new Qdition of 9Cao and NatiirOy bf George P. Maral(, 
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the subject any further than Mr. Marsh's book. For some time he (Mr. Latham) 
had been making observations upon the temperature of trees, the temperature 
being ascertained at different times of the day by means of a thermometer in- 
serted in a hole bored in the trunks of the trees, and so far he had obtained sonae 
interesting results. It was well known that cold in summer and warmth in 
winter had a tendency to increase rainfall. Tlie influence of trees was certainly 
to lower the temperature of the air in the summer, and to increase it in winter ; 
and so, although trees were not producers of rain, they certainly had a material 
influence in increasing rain when the conditions for its fall were favourable. 
He was also of opinion that trees influenced rainfall by reason of adding to the 
elevation of the ground, as any increase of elevation at ordinary altitudes had a 
material influence upon the quantity of rain falling. 

Mr. liECKY remarked that forests allowed facilities for the transmission of 
electricity, and plossibly clouds were attracted to the forests by this means. 

The President (Mr. Scott) said that Dr. Ebermayer*s book only contained 
observations for a limited period. He thought that the idea of the influence of 
forests upon rainfall was to a great extent based upon some statements made by 
Pove respecting the drying up of wells and springs near squatters' settlements. 
These were usually in forests which were gradually cleared. So far as he was 
aware no precise numerical values existed by which the truth of the belief could 
be tested, 



Bbpobt on the Phbnolooical Obsebvations fob 1885. 
Thomas Abthub Preston, M.A., F.R.Met.Soc. 

[Bead December 16th, 1885.] 



By the Rev. 



There has been rather more difficulty than usual in collating the Returns 
sent in during the past year, as some observers have not been sufficiently 
definite in their dates ; consequently, the number which have been omitted 
(there being no confirmatory specimens) has been rather larger than usual. 
Still, those which have been retained form a very good series from which 
general results may be obtained. 
The foUowing is the list of observers : — 



Addington 

Babbacombe 

Bilbrough, York 

Booking 

Bnildwas 

Oardington 

Carlisle 

Croxley 

Croydon 

Detling 

Exeter 

Geldeston 

Guernsey 

Hampson, Lancaster 

Harpenden 

Henley-on-Thames 



Buckinghamshire 

Devon 

Yorkshire 

Essex 

Shropshire 

Bedfordshire 

Cumberland 

Herts. 

Surrey 

Kent 

Devon 

Norfolk 

Channel Islands 

Lancashire 

Herts. 

Oxfordshire 



J. Mathison. 

E. E. Glyde. 
J. P. Metcalfe. 
H. S. Tabor. 

Rev. H. L. Graham. 
J. McLaren. 
W. R. Thumam. 

F. G. Lloyd. 
W. F. Miller. 
R. Cooke. 

Rev. W. M. H. Miber. 
Miss S. S. Dowson. 
Miss M. Dawber. 
The Misses Johnson. 
J. J. Willis. 
C. U. Tripp, MJL 
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Hertford 

Hodsock 

Killamey 

Macclesfield 

Maresfield 

Marlborough 

Northampton 

Northwoods, Bristol 

Oxford 

St. MichaePs-on-Wyro 

Salisbury 

Sawbridgeworth 

Strathfield Tnrgiss 

Tacolneston 

Tidenham 

Tiverton 

Trowbridge 

Tunbridge Wells 

Usk 

Ware 

Watford 

Wellington College 

Wells 

Weston-super-Mare 

Westward Ho 

Wickham 

Wicklow 

Wincanton 



B. T. Andrews. 

Miss A. Mellish. 

The Ven. Archdeacon Wynne, M.A. 

J. Dale. 

Mrs. Green. 

Rev. T. A. Preston, M.A. 



Herts. 

Nottinghamshire 

Co. Kerry 

Cheshire 

Sussex 

Wilts. 

Northamptonshire H. N. Dixon. 

^1 X 1^* (Miss Hester Coles, and 

Gloucestershire | ^^^ ^ Franoklyn. 

Oxfordshire F. A. Bellamy. 

Lancashire Miss S. Hornby. 

wots. W. Hussey. 

Herts. Miss Simpson. 

Hants. Rev. C. H. Griffith. 

Norfolk Miss E. Barrow. 

Gloucestershire Miss K. Evans. 

Devon Miss M. E. Gill. 

Wilts. Mrs. Ghregory. 

Kent G.S.Saunders. 

Monmouthshire C. Mostyn. 

Herts. Lieut. R. B. Croft. 

Herts. J. Hopkinson. 

Berkshire S. A. Baunder. 

Somerset The Misses Livett. 

Somerset Mrs. Gregory. 

Devon H. A. Evans. 

Essex H. N. Dixon. 

Co. Wicklow The Misses Wynne. 

a.^«^/»«,n♦ (Miss A. G. Shaw, and 

Somerset | j^^ ^ ^ Bughes D'Aeth. 

The year has been a singularly dry one, and hence has acted in such a 
manner on vegetation, that, although the winter was mild, plants were very 
late in flowering, and lasted but a very short time. The bloom was often 
profuse, and as bees and other insects could visit them, the crop of fruit was 
unusually great ; the apples, for instance, being often spoilt in quality from 
the enormous number on the trees ; whilst in the case of wild fruits, as hips 
and haws, the brilliant colour of the bushes when in fruit was quite as beauti- 
ful as it was when in bloom. 

But at the same time, the drought acted very prejudicially, especially to root 
crops and bush fruit, as well as strawberries. In the case of the root crops, 
the seed had great difficulty in germinating, and the weak plants were at once 
overpowered by insect pests, so that the crops of turnips were generally com- 
plete failures, la the case of bush fruits, the insect pests also did much 
damage, and in that of strawberries, the drought prevented the fruit from 
swelling. 

The com did not suffer to any great extent ; the dry season allowed the* 
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land to be well prepared, and although the straw was often short, the yield 
was not unsatisfactory. Considering the variable seasons experienced in 
England, and the difficulty, therefore, in gettmg any com to ripen in some 
years, it seems desirable to consider the yield of straw, rather than of com, 
in estimating the value of a crop. Straw is required for the cattle, and is 
therefore an absolute necessity for the farmer ; but in all returns yet furnished 
grain alone seems to have been considered, thus decidedly omitting a very 
important item in the value of a crop. 

As regards the lateness of the flowering of plants — at Marlborough, com- 
pared with the average of the previous twenty years, they were four days late 
in January, six in February, five in March, seven in April, nine in May, 
seven in June, and ten in July. In fact, vegetation has been backward the 
whole year. Table I. (p. 42), giving the average dates for the different 
districts of England, fuUy bears out the above results obtained for Marl- 
borough. 



Botany. 

October 1884 was a cold and dry month, though at Tiverton it was 
'* extremely mild ; " the second week was very cold, small quantities of snow 
or hail falling in many places on the 10th, whilst the third week was remark- 
ably fine and warm. 

The autumn tints were singularly beautiful, more so even than last year. 
Limes and Horse-Ghestnuts were nearly defoUated in exposed situations by 
the middle of the mpnth, but in sheltered spots they were still beautiful on 
the 81st. At this time the Beech was in its richest beauty at Salisbary, 
many Elms were yellow, whilst some were scarcely touched, so that the 
country presented a magnificent sight. The Jerusalem Artichoke, which 
does not often flower in England, was in full bloom at Wickham ; it also 
flowered in many places in Wiltshire, but the flowers were small. The Ivy 
was out in many places in September, but not till October 2nd at Trowbridge, 
and the 17th at Tiverton. The male catkins of the Hazel were appearing in 
great abundance generally, the Dogwood flowered for the second time at 
Trowbridge on the 18th, and the Laurastinus on the 20th in Guernsey, where 
also the Violet began to flower. 

Wild flowers were plentiful at the end of the month ; at Northampton 160 
species were found, far more than usual. Bipe Strawberries were picked 
during the third week at Northampton and elsewhere, and the Pyrns Japonica 
ripened its fruit in Wiltshire ; the Privet berries were ripe on the 11th at 
Salisbury, and those of the Spindle on the 17th at Trowbridge. 

The frosts, of which there were a few, did no great damage. The very 
tender plants, as Dahlias, were nipped and the foliage destroyed, but flowers 
could be gathered from them for some time afterwards. 

Swallows departed generally between the 14th and 18th. 

The long-continued drought was unfavourable for sowing, and the wells 
wore getting dry. 
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November was a remarkably dry and dull month, wifch very little sun or 
fog, and colder than nsual after the first week. Defoliation progressed slowly 
and steadily though in Scotland ** the trees were bare unusually early," many 
being leafless in the third week in October. By the middle of the month 
very many trees were leafless, Oaks and Beeches generally holding on to the 
end, by which time very few leaves were to be seen. It was difficult, how- 
ever, to say when defoliation was really completed, for though the trees 
were generally bare, it would still have been possible to find fresh green leaves 
on almost every kind of tree till nearly the end of the month. Wild flowers 
passed away in greater numbers than usual, owing to the drought, and the 
returns show a great falling off from those of the two previous years. Seventy- 
four species were found at Northampton, seventy-eight in Guernsey, only 
twenty-four at Geldeston, and twenty-six at Tiverton, where Violets '* were 
plentiful all the month." 

December was dull and damp for the first three weeks, but very dull and 
cold during the last one ; the first half of the month was warm, but stormy 
on the 18th, 19th and 20th. In spite of the mild weather vegetation was 
singularly dormant, and wild flowers consequently few in number; the 
autumn flowers had been killed by the drought and the spring ones retarded ; 
only forty-three were found in Guernsey, forty at Tiverton, and twenty-one 
at Geldeston. At Cardiff the Dog's Mercury flowered on the 21st ; at Trow- 
bridge the Mistletoe was '* well berried and plentiful " on the 22nd ; and in 
Guernsey the Fragrant Coltsfoot (Vetasites fragrans) flowered on the 12th. 
With these exceptions the returns are meagre. 

January 1885 was a very cold, dull and dry month, till just toward the 
end, when it was wet, and there was an unusual preponderance of Easterly or 
North-easterly winds. At Harpenden " vegetation was kept healthily back 
by seasonable weather." At Oxford it was a " very gloomy month," while 
at Wells it was remarkable for its evenness of temperature. This may 
account for the very scanty floral notices ; vegetation appears to have been 
universally late. As far as the returns show the North of England was more 
forward than the South, the dates from Sussex and Herts being singularly late. 

At Marlborough, up to the 27th, there were only thirteen day-degrees of 
temperature above 42^, and no less than 207 below ; during the last five 
days there were twenty-five day-degrees above 42°, and none below. Vegeta- 
tion was about four days later than the average of the previous twenty years. 

February was warm (except during the third week), rather dull, and very 
wet ; at Marlborough there were eighty-eight day-degrees above 42°, and only 
seventy-five below. At Hai-penden the soil was wet and satui'ated, but more 
from want of sun and wind than from excess of rain. At Babbacombe alone 
does vegetation seem to have been forward ; elsewhere, judging from the 
scantiness of the returns, it seems to have come to a standstill. It was cer- 
tainly remarkable how slowly plants came into flower; a specimen would open, 
and then a long interval would occur before another flower would appear : 
this has probably been the cause why the returns vary as they do. Observers 
may have been puz^ed vfhen to put down a plant as properly flowering. 
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TABLE I.— Average Date (Day of Yeab) of First Floweriko in each Group, 1885. 



Name of Plant. 



^ 1 



QaianthvA nivalis .... 

Coryltu Avellana 

Banunculus Ficabia . . 
Mereurialis perenni$ . . 

TUSSILAGO FaRFARA .... 

Petasitet vulgaris 

Viola odorata 

Salix Caprea 

Narcissus Pseudo-narcissus 

Vlmus montana 

Draba vema 

Anemone nemorosa 

Caltha palustris 

Nepeta Oleehoma 

Prunus bpinosa 

Primula terib 

Cardamine pratensis .... 
Stellaria Holostea ...... 

SCILLA NUTANS 

Veronica Chamadrys .... 

Planiago laneeokUa 

Sisymbrium AUiaria .... 

Syringa vulgaris 

Ranunculus acris 

Cratagus Oxyaeantha .... 

Vicia septum 

JEsculus Hippoeastaneum 
Symphytum officinale . . . 

Cytisus Laburnum 

Pyrus Aucuparia ,,, 

Poly gala vulgaris 

Ajuga reptans 

Geranium Bobertianum. . 
Acer Pseudo-platanus .... 
Pedicularis sylvatica .... 

Fagus sylvatica 

OaUum Aparine 

Euonymus europaus 

Trifolium bepens 

Potentilla anserina 

Lotus eomiculatus 

Chrysanthemum Leucanth. 
Hieracium PiloseUa .... 
Nasturtium offidnaU .... 

Lychnis Flos-cuculi 

Lathy rus pratensis 

Papavsr Rhotas 

AcniLLEA Millefolium . . 

Iris Pseud-accrus 

Orchis maculata 

Rosa eanina 

Daueus Carota 

Camus sanguinea 

Thymus SerpyUum 

Malva 8YLVE8TBIS 

Staehys sylvatica 

Epilobium montanum ...« 
Seneeio Jaeobaa 



30 
3» 
50 
5^ 
58 
70 

51 
65 
64 

(55) 

54 

78 

83 

87 

94 

95 

103 

102 

108 

"5 
107 
110 
125 
131 
130 
122 
129 
127 
137 
143 
123 
119 

"7 
126 

123 
133 
141 
147 
153 
138 
136 
144 
147 
140 

153 
161 

158 
176 
156 

151 
162 
181 
156 
170 
163 
168 
168 
'97 



29 
33 
63 

52 
57 
69 

63 

68 

64 

70 

59 

78 

87 

91 

98 

100 

103 

108 

109 

no 

"5 
no 
126 

113 

13* 

124 
137 

121 
141 
138 
129 
121 
128 
127 
(13*) 
135 
140 

149 
152 
138 
140 
141 
139 
158 
153 
162 

159 
170 
161 

159 
164 

174 
167 
162 
164 
168 
171 
186 



a -& 



3* 
37 
45 
49 
49 
89 
64 
73 
78 
63 
30 
92 

93 

81 
102 

97 
112 
114 
118 
118 
III 
116 
125 
123 
140 
136 
134 
»5 
H3 
146 
132 
127 
131 
119 
129 
129 
146 

154 
152 
140 

147 
144 

145 
160 
150 
164 
159 
173 
163 
164 
160 

(158) 
161 

166 
173 
168 
186 



o S 



35 
32 
80 
59 
74 
70 

45 
74 
73 
61 

77 

87 

108 

95 
98 
97 
"5 
III 
III 
118 
116 
no 
122 
no 
134 
121 
130 
141 
136 
150 
158 
129 
123 
127 

149 
121 

143 
155 

145 
H5 
149 
144 
141 
151 
'5^ 
161 
156 
178 
162 
164 

158 

190 
167 
168 
163 
16S 
166 
176 



a (30 



3» 

20 

72 
66 

56 

87 
79 
73 
88 

64 
87 

96 
100 
107 
loi 
107 
no 
116 
126 
119 

"3 
136 

134 
130 

(•s») 

120 

152 

H3 
148 
148 
118 
130 
122 

135 
119 

H3 
156 
160 

155 
156 
156 
146 
154 
i5i 
162 
162 
180 
161 

160 
201 
164 

167 
169 

175 
163 






29 

34 
70 

31 
69 
94 
69 

79 
79 
74 

94 
107 
no 
109 
"3 
"5 
122 
126 
136 
126 
121 
136 
H5 
H5 
139 
130 
171 
147 
145 
139 
142 

147 
117 
140 
127 
156 

158 

'^! 
148 

155 
159 
167 
166 

^77 
171 
188 
170 

174 
172 
209 
154 

158 
179 

177 
189 



'6 

s 



22 

27 
48 

72 
26 

57 
57 
5* 

67 

(78) 
55 
(88) 
115 
113 
118 
121 
no 
123 

'*! 
138 

130 

105 

120 

128 

122 

146 

124 

120 

130 

109 

130 

(165) 
166 
140 
136 
131 
146 
141 
153 
157 
164 

179 
154 
172 
168 
180 

17a 
i6s 
182 

174 
196 




C3 



27 
33 
25 

(30 



(44) 
(82) 

87 



107 
in 
102 

i»3 
117 
121 
120 
117 
174 
118 
129 

93 
119 
III 

^H 

108 

139 

119 

131 

120 
H9 
127 
142 
119 

149 
170 
131 
142 
164 
129 

169 
149 
'57 
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TABLE I.— AvsiuoB Datb (Day of Year) of Fibst Flowsbimo in eaob Gboup, i 885 

— continued. 



Name of Plant. 






Spiraa Ulmaria 

Centaubba nioba 

Liguttrum vulgare 

hruiuUa vulffariM 

Vieia Cracea 

Oalium verum 

CarduuM arvensU 

Hypericum (etrapterum . . 
Hypericum pulchrum . . . , 
Epilohium hirsutum . . . , 

Scabiosa wceisa < 

Carduus laneeolatui 

Campanula botundifoua 

CONVOLVULUB SEPIUK . . . 

Oaleopiie Tetrahit 

Angelica eylvegtrie ...•. 

Diptaeus eyloestrie 

ArtenUwia vulgarie 

Sonehue arvensia 

MentluL aquatiea 

Hbdbba Helix 



170 
177 
178 
166 
174 
184 
183 
199 
180 
197 
205 
189 
(204) 
199 
202 
210 
205 
214 
199 

2l8 

263 









175 I 175 

176 I 179 

177 1 174 

169 I 166 

170 I 172 
181 I 180 

183 184 

184 I (200) 
189 , ... 



195 
190 
187 
182 
198 
186 
211 
203 
209 
196 
208 
260 



194 

197 
19s 
193 
198 
208 
210 
210 
199 
214 



0) CO 



172 
164 

174 

177 

'75 
(159) 
180 
187 

"75 
190 

173 
190 

193 
191 
213 
213 

»H 
189 
213 

*57 



^1 



I go 

184 

183 
J83 
178 

t8i 
i8j 
«9J 
("5) 

196 

198 
194 
200 

219 

196 

184 



5 » 



1 



IT 



O 



183 


180 


191 


167 


178 


163 


180 


171 


179 


174 


193 


>79 


193 


... 




208 


... 


198 


205 


201 


199 


188 


195 


... 


196 


207 


221 


... 


222 


... 


... 


206 


(213) 


... 


223 


234 


273 


277 



198 

163 
166 

160 
207 

174 

185 

176 

181 



208 

221 

'97 
217 
266 



(Some unfortunately have only put down when the di£ferent species were 
*' fjEkirlj in flower/* and others only *< in bloom," thas rendering their returns 
far less useful than they might have been:) 

At Marlborough vegetation was about six days late. The Yew was early, 
but this may be accounted for by the fact that its flowers have been so 
frequently killed in former years, just as they were opening, that many dates 
were missed. 

March was very cold and dry, with East winds, and every thing was checked. 
At Marlborough there were only sixty-eight day-degrees above 42^, and no less 
than 178 below ; and the reports are therefore very meagre from that as well 
as all other stations. At Babbacombe and Oxford vegetation was coming on 
well till about the middle oi the month, but then complaints are made. 
"Flowers more backward than I ever knew" (Trowbridge); "Nearly a 
month backwarder than last year '* (Bocking) ; such is the style of the 
reports from all places. At Marlborough vegetation was five days late. Only 
three plants flowered earlier than usual, and tbey were all trees or shrubs, the 
Elm (six days), the Larch (seven), and the Scarlet Currant (two days) ; but the 
same remark applies to them as was made last month, viz. that they were 
very slow in coming into flower, and though a few flowers were open at the 
times observed, it was some time ere the plants were in moderate bloom ; 
certainly in the case of the Scarlet Currant it was at least a fortnight before 
a single raceme was fSairly open. '* Seldom has Spring Com been got in 
under such &vourable conditions as in the present year '* (Harpenden). 

At Harpenden the fine sunny days were robbed of their stimulating effect 
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TABLB II.— Insxctb akd Fboo Spawv. 



Station. 



Babbacombo . . . . 

Westward Ho 

Backhom Weston 

Wincanton 

Tidenham .... 

Usk 

Salisbury 

Trowbridge 

Marlborough 

Croydon . 

Maresfield 

Henley 

Tnnbridge Wells . . 
Wellington College 

Detllng 

Stratbfield Torgiss 

Oxford 

Addington 

Cardington 

Northampton .... 

Ware 

Hertford 

Harpenden .... j 

Watford 

Rickmansworth . . 

Tacolneston 

Bilborough 

Hodsock 

Hampson 

Carlisle .. 

Killamey 

Wicklow 

Guernsey 



148 
102 



148 



138 
150 



H3 
162 



15a 



146 
H3 

140 



n 



87 



90 



94 
X06 



94 



81 



142 



124 
216 



X70 
138 



171 



184 



... I ... 



26 



109 



55 
109 

no 
109 
93 
38 
no 
105 



43. 
117 
no 
"5 



146 
95 

133 
123 



132 
133 



120 
109 
107 
III 



117 



149 
109 
162 
109 
"7 

107 
89 

88 
109 



»3i 
102 

50 



107 
109 
108 
108 
9* 



17 
124 
109 
109 
109 
117 

107 

III 

90 

1x0 

109 
109 



I 

115 107 

. 122 

117 '112 
106 109 



144 
126 



III 
148 

150 



149 



H7 

147 

3* 

107 
149 
122 
III 

'43 



17 



122 
131 



176 
177 



170 



159 
152 
172 
162 
III 



x66 
158 
161 



109 131 



128 



I3» 
131 



164 






2 






74. 



on vegetation by reason of the low night temperature. Most wild flowers 
were several days later in blooming than last year. The Swallow was eleven 
days late and the large White Butterfly fifteen days. 

The cold ungenial weather lasted through the first half of April ; but about 
the 17th a wonderful change took place, apparently all over England, and the 
country, which up to this time looked very wintry, was changed in appear- 
ance in even two days. At Marlborough, for the first sixteen days there 
wore twenty-nine day-degrees above 42°, and eighty-seven below, whereas 
during the last fourteen days there were 150 above 42° and only six below. 
As instances of the backward vegetation up to the 17th, it may be stated that 
at Detling '' some growers consider fruit blossom to be from two to three 
weeks later than last year "; and at Northampton Uanunculus Ficaria began to 
flower in January, but not a dozen blossoms were seen in one district, which was 
covered with them on April 22nd. TUs last instance gives i^ gopd an iden 
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as possible of the very slow progress of vegetation np to the middle of April, 
and is certainly not a solitary instance. By the end of the month the Horse- 
Chestnnt was green generally, and at Tacolneston and a few other places was 
just in flower; the hedges were green, and the Sycamore, Elm, Beech and 
Apple in leaf in many places. At Harpenden *' rarely have the stone-fraited 
trees presented a more beantifol appearance than this year, many being liter- 
ally breaking down with blossom.*' 

With the exception of the last few days, May was a very dull cold month, 
almost the coldest on record ; snow fell at intervals daring the first ten days, 
and the third week was very wet ; the reports therefore are almost aniversally 
in the same strain ; *< Season backward," '* a cold backward month," ** no 
progress," *' vegetation very slow," are some of the remarks abont the month. 
Towards the end the reports are much more favourable, and the bloom is 
generally reported as '* profuse *' ; the flowering trees and shrubs were 
magnificent as long as they lasted in flower, but the bloom very soon passed 
away, leaving a large amount of seed. At Oxford " flowers were not brilliant 
or plentiful," whilst at Tiverton the report is ** most productive," and at 
Croydon " flowers were in greater profusion than ever." The Hawthorn was 
magnificent where in bloom, but in many places it was still only coming out, 
and at Marlborough the first flower was not found till the 28th. The bloom 
of the orchard and other fruit trees and shrubs is generally described as 
'* profuse," and by the end of the month trees were mostly in full leaf. 

At Harpenden ** vegetation was kept so much in check that at the beginning 
of June it had seldom been observed so backward." 

Insect life was ** conspicuous by its absence " till the warm weather set in, 
but it then became most abundant, and " fly " began to appear in greater 
numbers than was desirable. 

The early part of June was warm, but a change came about the second 
week of June, and the weather became rather cooler than the average ; the 
month might be described as <* fine," but it may with equal justice be also 
said to have been changeable ; the days were sunny, and a drought began 
early in the month, which lasted for many weeks in the South of England, 
and caused much inconvenience. Boot crops failed generally ; in the few 
instances where the plants were able to sprout they were soon ruined by the 
*< fly," or were dried up by the hot sun; but in other respects the dry 
weather was very advantageous for agriculture. The grass soon began to 
ripen, but a few showers in the middle of the month made a great change ; 
the plants became very thick below, and the Hay crop was unusually good 
and heavy, and has seldom been secured in such fine condition. Haymaking 
began during the first week of June in Guernsey, but generally on the 10th 
in England, and as late as the 27th at Northampton. The Wheat began to 
flower on the 9th at Harpenden, on the 18th at Salisbury, but a week 
later at Marlborough, and between these dates elsewhere ; the fruit was well 
sot, and though short in the stalk, promised a plentiful harvest. At Har- 
penden " the great extremes of temperature were very hurtful to vegetation, 
and notwithstanding the immense quantity of bloom on the fruit trees, the 
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TABLE IIL— BiBDB. 



Soso. 



MlGBATIOir. 



Station. 



<a 

3 

M 

.a 

H 
w 



Babbacombe 

Westward Ho 

Wineanton 

Tidenbam 

Backhorn Weston... 

Usk 

Salisbury 

Trowbridge 

Karlboroagh 

Croydon 

liaresfield 

Henley-on-Thames 
Tnnbridge Wells ... 
Welliogtun College 

Detlinj5 

Strathtield Torgiss 

Oxford 

Addington 

Cardington 

Northampton 

Ware 

Hertford 

Harpenden 

Watford 

Bickmansworth ... 
Sawbridgeworth ... 

Wickham 

Tacolneston 

Bilborough 

Hodsock 

Hampson 

St. Michael'B-on-Wyre| 

Carlisle 

Baildwas 

Killarney 

Wicklow 

Guernsey 



Average 



All 
Feb. 

55 

29 

20 



28 



A 



"5 



991 

94 

109 



17 



108 
III 
"5 

16 

122 
12 
119 
107 
no 
III 
120 



19 



105 



30 112 



67 
112 

108 

107 



91 



66 



39 



+3 
100 

All 
Feb. 



32 





t 


>4 


•§ 1 . 'Q 


% 


g 









.S •:§ 


-s 


A 


§ g 


h 





H 


fe 1 



■•J £ 



52 



36 



58 



"3 



107 

I02 

no 

IIO> 

112 
III 



H7 



108 
117 
108 
116 

107 
107 

III 138 

113 

J113 
114 
118 
112 

"3 

III 

116 

113 

113^ 

114 

112 



116 



128 



32 



29 



I 

55 »ii 
36 124 
128 
114 



87 43 I 51 113 127 135 



106 
139 



H6 



37 



141 
142 



no* 



224 






126 



103 



108 



107 



iio6 



103 
107 
106 
106 

96 
96 



100 
106 
118 



106 
106 
106 

107 

104 
106 
107 

90 
104 

96 



106 

107 



o 



105 
106 
ii4 



*5 
«»3 



107 
no 



no 
126 



123 



108 .. 



108 no 

109 .. 
107 92 
119 103 

.. ,112 
109 114 



106 112 



1 ? 119. 



» TiU 183. 



8 Changed note 246. 



< Flocks. 



crop in many places is very scanty indeed." " No serious deficiency is re- 
ported in the Wheat crop, but heavy well packed ears are the exception 
rather than the rale ; at the end of June the crop was a week and possibly 
ten days behind an average season. Barley looking well, and Oats promise 
an exceedingly large yield on good land." 

As regards garden produce, the dry weather acted very injuriously. 
Strawberries were plentiful for a short time, but tlie fruit was small and dry, 
and in some places the plants were completely dried up ; large quautitics of 
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TABLE in.— Bibbs 


{eotUinued). 














Station. 


MiGBATION. 


Nesting. 


1 
1 

io6 
109 

no 

• • 

122 
118 


OQ 


j 




6 


Song 
Thrush. 


Willow 
Wren. 


Chaf. 
finch. 


Book. 


OQ 


Part- 
ridge. 


Corn- 
crake. 






1 


Nestmg. 




i 


.5 


1 


Eggs. 


Eggs. 


Babbaoombe 

Westward Ho 

Wincanton 

Tidenham 

Bnckhom Weston .... 
Usk 


• • 

124 
116 
124 

132 
126 

121 
120 
132 

I30 
126 

129 


150 

ii6 
143 
13s 


144 

"7 
144 

119 
127 

131 

129 
144 

123 
116 

"7 


73 


71 
71 

lOI® 

83 
67 

loS 


102 

1X7 

• • 

99 


124 


84 
87 


131 
125 

• • 

• • 

no 


63 
•34 

74 

31 
32 

48 

70 
50 

58 

• • 

• • 

66 


103 

lOI 


185 
1658 


143 

130 

"3 
no 
117 

• • 
114 


169 


Salisbury , 


Trowbridge 

Marlborough 

Croydon 

Maresfield 

Henley-on-Thames .. 
Tunbridge Wells .... 
Wellington College .. 

Detling 

Strathfield-Turgiss .. 
Oxford 


Addington 

Cardington 

Northampton 

Ware 

Hertford 

Harpenden 

Watford 


Riokmansworth 
Sawbridgeworth .... 

Wickham 

Tacolneston • • • 

Bilboroagh 

Hodsock 


114 

"7 
112 
107 


120 

H3 
121 
128 

114 

i;t4 
. , 

124 

124 


]'. 


117 


:: 


94 


• • 

Il87 


Hampson 

St. Michaers-on-Wyie 

Carlisle 

' Boildwas 


.. 127 
..114 
..'119 
..11^ 


KiUarney 

Wicklow 

Guernsey 

1 




117 

"7 
(60) 




! Average 


"3 


"5 


136 


122 


..I85 


109 


.. 




122 


53 


. . 




121 


,, 



6 2nd time. 



6 Sitting. 



7 Ply. 



s Building. 



fruit dropped from tho trees and bushes, aud Gooseberries alone seem to 
have been an average crop ; blight increased enormously, and the '* Green 
Fly '* or Aphis f flew about in swarms, covering every thing and making a walk 
unpleasant ; vegetables, therefore, if not destroyed by the drought, were spoilt 
by the insects. Peas and beans were ruined, and the few that were gathered 
were hard and dry, unless the plants had been kept well watered ; but before 
the end of July water was becoming very scarce. 
"Honey Dew *' was exceedingly plentiful, especially on the Limes ; honey, 
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which had been very abundant earlier in the year, became scarce : " the cold 
of May and the variable temperature of June interrupted the working of the 
bees and the consequent storage of honey.'* 

August was a hot and dry month, the flowers lasted but a short time ; 
insect pests were still very abundant, and the grass was generally quite 
burnt up ; the leaves also began to fall, especially from the Limes. At 
Bristol there was ** a marked scarcity of all Butterflies and Wasps,** and at 
Detling ** Wasps, which were common in the early part of the summer, 
became very scarce.** However, the dry weather was very favourable for 
harvest work, and large quantities of com were secured before the wet 
weather came in, just towards the end of the month. 

September was very unsettled, and harvest was much interrupted. At 
Tiverton the hedges were almost bare by the 8th. Two frosty nights at the 
end of the month appeared to have done but little damage in some places, but 
in the South of England they cut down tender plants. The crop of nuts was 
unprecedented, and oil sorts of common berries were very plentiful. The 
autumn tints were coming on, but did not promise to be as fine as usual. In 
Guernsey, a gale on the 10th damaged the trees and divested them of much 
of their foliage. Sycamore, Chestnut, Lime, and Hawthorn, being almost bare 
by the end of the month. 



Entomology. 

The Entomological notices are still unsatisfactory, and do not furnish any 
reliable results. The difference between the earliest and latest dates varies 
from twenty-three days in the case of the Brimstone Butterfly, to as much as 
108 days in that of the Wasp ; but in that of many others the dates vary 
from ten to twelve weeks, which is clearly unsatisfactory. 

A general absence of Butterflies has been noticed in some places. 
Certainly in the South of England the White Butterflies were most abun- 
dant at one time, but the autumn Butterflies were not so plentiful as usual. 



Oknitholooy. 

Song. — Compared with the average dates of the previous ton years, the 
Song-thrush, Skylark, and Chaffinch, were each eight daj's later than usual; 
the Cackoo arrived at its average date, the Nightingale one day early, the 
Chifl'-chaff two days early, and the Willow- wren and Turtle-dove six days. 

The Nightingale was first heard at Croydon on April 4th, but not till the 
20th at Hertford, and the 80th at Salisbury and Sawbridge worth. The 
Cuckoo was first heard at Wincanton (Buckhorn Weston) on April 12th, but 
not till the 28th at Hertford, and May 8th at Wicklow. Its average date 
for the twenty-one years at Marlborough is April 23rd. 

Migration. — The Wheatear was six days later than the average, but in 
all other cases the arrival appears to have been earlier than usual ; the 
Swallow two days, the Flycatcher five days, and the Swift seven days. The 
House-martin was six days earlier than the average of the five previous years, 
and the Corncrake two days. 
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The Swallow appeared first at Harpenden on March 31st, and at Salisbury, 
Tunbridge, and Rickmansworth on April 6th. It was not seen at Tunbridge 
Wells tiU April 28th, or in Ireland till the 29th. 

The Swift was noticed first at Carlisle on April 24th, but not at Tacol- 
n eston till May 23rd. It was generally seen about the first week in May. 

Nesting. — The only two birds noticed are the Song-thrush and the 
Rook. Both began to build before their average date. The Rook began to 
build on February 21st, 1884, and on February 22nd, 1885 ; tlie date for 
1883 was also February 22nd, but the dates of all previous years are from 
two to sixteen days later. 



I must again return my thanks to Mr. W. F. Miller for the great trouble 
he has taken in tabulating the notices as supplied by observers. I could 
not have done what I have had it not been for his assistance. 



Etudes sub les GbAfuscules Ros^s. Par Prof, le A. Rico6, Premier Astro- 
nome k TObservatoire do Palerme. 

[Read December ICth, 1885.] 

VoYANT qu'il me faudra encore un certain temps avant que je puisse publier 
entiSrement mes etudes sur les Crepuscules Ros^s, je me suis d^cid^ (trop 
tord peut-etre) k envo^xr k cetto honorable Soci^t6 ces tableaux qui sont le 
resume de mes observations. 

Tableau I. (Observations faites k Palerme.) La partie (A) contient les 
observations des crepuscules ros^s du soir ; elle donne : — L'intensit^ de la 
lumiero ros^e, lere et 2de, en supposant 10 Tintensit^ du maximum k Palermo 
(3 d^cembre 1883) ; ces nombres ont ^t^ determines a posteriori d'apr^s 
la description des ph^nom^nes; n indique que les nuages ont empech^ 
Testimation de I'lntensite. 

La hauteur oil disparaissait le soleil a ^te d^termin^e en trouvant avec le 
chercheur du r^fracteur (cal^ a la d^clinaison du soleil) le point du coucher 
sur le contour de Thorizon visible on sensible, et en mesurant la hauteur aveo 
lo theodolite. On a fait graphiquement la correction pour le rayon du soleil 
et la refraction. 

Les hauteurs otL disparaissaient les lumiSres ros^es ISre et 2de ont 6t4 
determinees d'aprSs le calcul de la distance z^nithale du soleil au moment de 
ces disparitions et avec une construction graphique sur un dessin de la sil- 
houette des montagnes relev^ avec la Camera Lucida d'Amici. On a suppose 
toujours que le sommet des lumieres ros^es ^tait dans le vertical du soleil. 

Le commencement on Tapparition dc Tare brun sur I'horizon ouest, 
d^rivant de I'anneau de Bishop, est le moment oh cet anneau on arc est 
dessin^ completement sur le ciel. 

Le conmiencement de la premiere lumiSre ros^e est le moment oh elle 
commence k appar^tre en un esp^ce limits au sommet de Tare bmn. 

?flBW SlSBnc?. — ^VOL, xi|. p 
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La fin des Inmieres ros^es lire et 2d6 est le moment ou elles disparaissent 
^ rhorizon yisible. 

La partie (B) da Tableau I. confient quelqnes donn^es relatives k la lamiere 
verte, qui est la couleur des beaux cr^puscules ordinaires k Palerme. Ces 
donn^es sont disposees en ordre correspondant a celui des donn^es pr^c^dantes 
pour les cr^puscules ros^s. 

La partie (C) contient les r^sultats de quelqnes observations des crepus- 
cules roses du matin. Les donn^es y sont onregistr^es, non on ordre ckrono- 
logique, mais en correspondance a celles du soir. Au 24 avril le soleil se 16ve 
a la mer, et pourtant le sommet du disque solairo apparait de TObservatoire 
avec une depression de k peu-pr^s 0°-8, c'est-^-dire hauteur = — 0°-8; 
mais a cause des brumes ordinaires du bas horizon, la lumi^re rosde n'est 
apparue qu'a la hauteur do 8°, c*est<k-dire au dessus du dit brouillard l^ger. 

Tableau II. C'est la continuation de mes observations des cr Opuscules, 
mais seulement avec Findication de Tintensit^ ^valude pendant Tobservation. 
En mai les observations ont ^t^ faites k Palerme ; pour juin elles out ^t^ faites 
en voyage, en des lieux diff^rents entre Turin et Modene ; de juillet jusqu'a la 
fin de 1884 j'ai observe a Castelvetro, au pied des Appennines, k peu-pr^s h. 
15 kilometres au sud de Modene. (J*ai attendu \k la fin des quarantaines pour 
revcnir en Sicile.) Les observations de 1885 ont 6i6 faites a TObservatoire 
de Palerme. 

Tableau m. contient Tintensitfi de Tare brun ou anneau de Bishop a 
rhorizon ouest, estim^e a posteriori d'aprSs la description : on a indiqu^ 
encore avec a les jours oh Tanneau de Bishop etait visible pendant le 
jour entre les nuages couvrant le soleil, avec la couleur caract^ristique rouge 
do Tanneau ; et avec A on a indiqu^ les jours ou le m^me anneau etait visible 
autour du soleil tout-k<fait Ubre de nuages. Quelqnes observations ont etc 
faites au matin, et elles sont d^sign^es par m. II va sans dire que Ics Ucux 
d'observation sont les memos que pour les observations des cr^puscules. 

Tableau lY. En comparant les intensit^s de Tare brun de Bishop avec 
les donn^es m^t^orologiques de 6h. du soir, depuis d^cembre 1888 a avril 1884, 
j'ai trouv^ que Thumidit^ relative 6tait plus grande aux jours oil Tare ^tait 

TABLE IV. 



1883-84. 


Httznidite relative moyenne & 6h. p.m. 


Des jours 

avec coa- 

ronnes 

fortes. 


Du mois. 


Des jours 

Don 
couverts. 


a-b. 


0— c. 


b—e. 


a. 


b. 


e. 


Deoembre ... 

Janvier 

F§vrier 

Mars 


830 
88-5 
83-6 

11^ 


756 

75-9 
64-4 


7I7 

810 
799 
7fri 
64-1 



+ 7"4 
+132 

+ 3-3 
+ 1-4 
+ 07 


+4-3 
+7-5 
+37 

+1-2 
+1-0 


+3-. 
+57 
-0-4 
+02 
-03 


Avril 




Moyenne ... 


... 


... 


... 


, +5-^ 


+3-5 


+17 



Digitized by 



Googk 



64 »ico6— -Atudes sur les cr^puscttles bosAs. 

plas fort (intensity ^8). Le Tableau IV. fait voir cela, et que cela ne 
depend pas de ce que Tare ne se fit pas voir qa^aux jours sereins, qui k 
Palermo sont un pen plus humides que les autres. 

J'ai envoj^ k cette Soci^t^ nn premier r^sum^ des r^sultats de la discussion 
de mes observations de cr^puscules, public dans les Rendiconti delta R, 
Accademia dei lAncei^ et j'envernd bient6t un autre qui donne les r^sultats 
des comparaisons des observations de cr^puscules ros^s avec les conditions 
met^ologiques. Ces deux r^sum^s pourront completer en quelque manidre 
les donnas que maintenant j'ai Thonneur de presenter. 



DISCUSSION. 

Mr. Whipple remarked that Prof. Riccd had come to the conclusion that the 
sunsets between December 3rd, 1883, and April 1884, were due to the hiunidity of 
the atmosphere ; and it was curious that Dr. van Rijckevorsel, formerly living at 
Pari, with whom he corresponded, had formed much the same opinion, as was 
shown by his letter which was read to the Meeting. 

Mr. Dyason said that he had from November 1883 to February 1884, the time 
named in Prof. Ricc5'8 Paper, made a series of drawings and observations of 
coloured skies in the North-west of London, and, contrary to the Professor's con- 
clusions, his notes showed that the sunsets and the afterglows were invariably 
accompanied by a dry atmosphere. 

Mr. Stanley observed that Krakatoa had been in serious eruption in May 
1883, so that the sunsets seen at Pard previous to August might have been due to 
the May eruption. 

Mr. Whipple said he noticed that Prof. Ricc6 described the sunsets as being 
green at Palermo ; he would like to know if any of the Fellows who had passed 
through the Mediterranean could explain this. 

Mr. Symons remarked that a great deal of real hard work had been done by 
the Royal Society's Krakatoa Committee, with a view to a thorough investigation 
of the whole phenomena, and it was impossible to accept such an off-hand 
opinion as that declared by Dr. van Rijckevorsel until evidence in support of it 
was brought forward. 

Mr. Stanley said that he had himself often seen the greenish tints of the 
sunsets in the Mediterranean. The air there had generally an intensely blue 
appearance, and towards sunset the sky assumed a vellowish tint near the 
horizon, as in this country, and the mixture appeared to him to produce the green 
observed. 

Prof. Riccd, who was not present, subsequently sent the following reply to the 
Discussion : — " I have not concludea that the rosy or red after-glow was due to the 
humidity of the atmosphere ; but that the brown arc (Bishop's ring partly visible at 
the horizon), when strong, was accompanied by greater humidity. The intensity 
of the brown arc does not vair according to the intensity of the rosy twilight, 
since in 1884 I observed on fifteen occasions that when the brown arc was very 
strong it was followed by slight rosy after-glows, and on four occasions, when 
the brown arc was very strong, it was not followed with rosy after-glows. From 
my comparisons of the intensity of the rosy after-glows with the meteorological 
observations at 6 p.m. I came to the conclusion that those after-glows were 
accompanied with high pressure and low temperature, but that no direct relation 
existed with humidity. The green of the ordinary after-glows in Palermo is the 
intermediary colour between the reddish and yellowish tints of the lower 
horizon and the blue sky above, precisely as Mr. Stanley remarked, when the sky 
is clear the green of the twilight is very strong and beautiful.^ The ro?y light 
is superposed to the green twilight more or less frequently.. When the rosy 
light is not strong the green light is visible down or above the rosy light and after 

1 Seo PiuEii 8inith*ii descripiion of green t 
Hoyal Ob9trvtory, Edinburgh, Vol. XTV. 
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The Stobm of October 15th, 1885, at Pabtbnkibohen, Bavabia. By 
Colonel Michael Fosteb Wabd, F.B.Met.Soc, F.B.A.S. (Plate 11.) 

[Bead December 16th, 1885.] 

The most desiruotive storm known since the winter of 1821-22 broke over 
this valley on Thursday, October 15th, 1885. The previous day had been 
fine and frosty, the copper coloured halo round the sun being more remark- 
able than on any previous occasion. The early morning of the 15th was 
cloudless, the halo, as on the preceding day, being very deep coloured. At 
5 a.m. and at 10 a.m. there was a loud rattling in the air overhead, sounding 
as if a heavy waggon were passing along a road. At 8 a.m. clouds began to 
form on the Wetterstein Bange on the south side of thd valley, and the tem- 
perature rose rapidly. At 9.80 a.m. the Fohn began to blow from South- 
south-west, accompanied by snow on the mountains and very dirty rain in 
the valley, leaving a deposit on the window panes of a reddish ochre colour. 
The entire northern sky from east to west was cloudless during the whole 
time, and no rain fell four miles north of this. At 2 p.m. the wind increased in 
force, varying in direction from South-south-west to South-south-east ; and 
at 5 p.m. it broke in all its fury : the rain ceased, the sky cleared, and the 
wind increased in force till 7 p.m., and remained at its height till 8 p.m. 
when it moderated slightly, returning at short intervals in violent gusts till 
2*80 a.m. on the 16th, when a sudden dead calm ensued which continued all 
day. From 9 to 10 p.m. slight rain fell accompanied by brilliant lightning, 
without any audible thunder, stars shining through openings in the cloud. 
At 10 p.m. it was again cloudless. 

At 9.46 a.m. on the 16th the same rattling in the air was heard, and the 
deadness of the calm, the oppressiveness of the atmosphere, together with 
the intensity of the copper halo, and the general lurid appearance of the sky, 
led every one to dread a return of the gale. Fortunately, however, this was 
past ; the sky cleared to deep blue at 4 p.m., and a lovely sunset followed, in 
strange contrast with the wreck below. 

The amount of rain which fell during the gale was 0*62 in., the water 
bebg perfectly muddy and yellowish red. 

The barometer had fallen slightly during the night, but was steady at 
27'47 ins. from 7 to 9 a.m. At 9 a.m. it fell to 27*42 ins., and oscillated 
rapidly between that and 27*54 ins. all day till 7 p.m., when it fell suddenly 
to 27*80 ins., rising immediately afterwards and continuing to do so steadily 
during the next two days. 

Temperature, which had been 87° (the minimum) at 7 a.m., rose to 51° at 
a.m., and to 70° at 9.80 a.m., where it remained till 5 p.m., when it fell to 
67° on the cessation of the rain. There was a further fall during the night 
to 57°, the temperature rising to 69° at 9 a.m. on the 16th, which was the 
maximum for that day. 

The general direction of the storm seems to have been from South-south- 
west, and so far as I can learn it was quite local, the destmction havin 
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commenced necur EUmau, six miles sonth-east, and the disturbance having 
spent its force about as far north-west, doing some damage near Obor- 
Ammergau. It would seem as if the genius of the Wetterstein had poured 
his wrath down the precipitous sides of the mountains on this devoted vallej'. 
From the lake of Starnberg, about twenty miles north, I learn that although 
warm for the time of year, and somewhat oppressive, the sky was cloudless 
and the mountains perfectly clear, showing no signs of such a storm as was 
raging amongst them. 

Plate n. is a rough map of the district showing by arrows the general 
course of the storm, and the direction in which trees were lying, or that in 
which roofs were carried from their positions. . 

The damage caused by the storm is terrible. Being dark at the time I can 
only speak of our own experience during the height of the storm. The 
feeling with every one was, "What will go next?'* One could see, in the 
moonlight, fragments of roofs of chalets flying in the air; — my garden was 
strewed with them, though the nearest chalet was 100 yards off, — also with 
tiles from my own roof, which was almost bare. Shrubs were stripped of their 
leaves and nearly uprooted. My transit instrument pillar, composed of brick 
solidly cemented together, was prostrate; the roof of the offices and out- 
house was almost bare ; the drawing-room window was blown in ; the iron 
fastening was snapped off, and a door to an adjoining room was forced open, 
the lock being wrenched off— the same happening in the corresponding rooms 
above. In the acyoining house of a friend a bedroom window, frame and all, 
with part of the wall was blown in, and the flooring boards of an outlook on 
the top of the house (each board a good load for two men) were lifbed up, 
and some of them carried seventy yards away. 

At daylight a strange scene presented itself. The valley was filled with 
people searching for and collecting fragments of their ch&lets, or sitting on 
the roofs mending them. In the whole length of the valley hardly a hay 
hut had escaped without being unroofed, and many were carried away 
bodily. The Government Carving School, a large three-storied house, was 
stripped of its iron covered roof, which was carried in three huge fragments 
to a distance of 80, 150 and 800 yards respectively. One half of the wood- 
work was also lifted off and carried eighty yards before reaching the ground, 
and lay thirty yards to the right of the first heap of iron roof; a large beam, 
a foot in diameter, being hurled the same distance and standing upright 
deeply imbedded in the ground thirty yards to the left of the iron. 

Further on a private house, against the garden palings of which lay the 
third fragment of iron roof, had its upper storey wall under the roof blown 
in, the opposite wall being blown out ; while a large summer drawing-room 
with iron roof, built out on the south side of the house, was lifted bodily over 
the house, carrying away the chimney stacks in its progress, and deposited 
twenty yards off on the opposite side of the house. Another private house 
just beyond had its roof stripped off, and a summer-house in the garden was 
carried bodily, with its table and chairs, thirty yards into an adjoining field. 
There were many other like cases. 
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In the two villages of Partenkirchen and Garmisch hardly a honse escaped 
without severe damage. In the latter viUage both chnrch spires were 
damaged. Between the two villages, only one mile apart, I counted eighty- 
one prostrate trees, thirty-five of which formed part of the avenue on either 
side of the road. Perhaps, however, the violence of the storm is better shown 
by the state of the forests. In every hollow on the mountain sides, no 
matter what its aspect, the trees fell inwards. Vast spaces are entirely 
cleared. In one spot on the side of the Eckenberg fifteen large trees lay in 
a heap, their roots within a radius of twenty yards from where I stood. 
Further up, the valley becomes very narrow and steep, and though not a tree 
stands on the side facing the south, those on the opposite side are absolutely 
unhurt;, though standing less than thirty yards from the roots of the fallen 
ones, whose heads in many cases lay between their stems. By far the worst 
fate, however, befell the Stangenwald, a wood clothing the precipitous side of 
the Wachsenstein, at the entrance to the Hollenthal. This faced my window, 
and on looking towards the place in the morning it was gone. It was about 
three miles long by one broad, and absolutely not a tree stands. It is estimated 
by the forester and those accustomed to the forests that 250,000 trees are 
prostrate in this wood alone. 

I visited the wood with a friend, an experienced mountaineer, our aim 
being to gfit to the Hollenthal to see if the bridge across the gorge had 
been carried away, as we meditated an ascent shortly in that direction. It 
is almost impossible to describe the scene, which must be seen to be realised. 
We made our way by the river at the foot of the wood to a path which leads 
across the face of the precipice into the Hollenthal. On the road there, in a 
pai*t of the wood not very dense, and where we could walk easily, we placed 
ourselves back to back, with the object of counting the fallen trees within a 
radius of fifty yards. We counted sixty-three between us, snapped off at ten 
feet above the ground, and as many more rooted up. This, however, was 
nothing to what we afterwards saw. We crossed the face of the rock into 
the Hollenthal to find the path almost carried away by falling rocks at its 
further end, and the whole side of the valley facing the south a wreck of 
trees and rocks — nothing standing, while the bridge was much damaged and 
dangerous. 

Afterwards we tried to reach Ober-Grainau by the path which led through 
the wood (an easy hour's walk). This it took us three hours to accomplish 
after very laborious work. It was only by going along a tree to its top 
amongst the cones and dropping to another lying in different durection that 
we were able to proceed at all. Trees lay in every direction piled one upon 
another — some snapped off, others torn up by the roots having masses of 
earth attached six yards in diameter. Huge rocks were lying mixed up with 
the trees. At one place where I was able to see down through the mass I 
counted thirteen trunks under the one on which I stood. We eventually 
effected oar exit by dropping down into a gully or timber-shoot, and following 
this under the trees till we came to the open. 

I hear that the destruction is almost as great in the Wambergerwald near 
Ellmau, before referred to. 
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The forester at Ober-Grainaa informs me that the destruction of the 
Stangenwald took place in a short half-hoar, from 7.30 p.m. 

The people at Hammersbach, at the foot of the wood, fled in terror to the 
open, and cried on their knees for mercy, believing that the end of the world 
was come.^ 

I saw but one squirrel and one deer in the whole wood. 

I have to-day read in the Times of October 80th an account by Padre 
Denza, of Moncalieri, near Turin, of a meteoric sandstorm in Northern Italy 
on the Idth. It would seem, therefore, that our storm was not local, but 
was the expiring effort of the Italian storm, which reached the south side of 
the Alps on the night of the 14th, reaching us on the morning of the 15th. 
This apparently accounts for the ** dirty rain." The storm reached tbo 
Stelvio, eighty miles south-west of this, at 4 a.m. of the 15th, beginning 
with hot wind, heavy rain, and lightning. M. F. Ward, Nov. Srd. 



Note added December 7th. 

Since forwarding my report of the storm, I have been over the greater part 
of the devastated district, and have made every possible inquiry ; and I fancy 
it must have been a local disturbance. I find from the Innthal and the 
Gurglthal, about thirty to forty miles south-west of this, that although they 
had heavy and destructive rain they had no wind — nor was there any to 
speak of at Mittenwald. 

The first traces of destruction are at the Ferchensee, three miles from 
Mittenwald. The lake lies immediately under the eastern precipice of the 
Wetterstein Range. On the side nearest the mountain every chMet is un- 
roofed, the roofs carried eastward on the opposite side of the lake, and the 
trees lie in all directions. From that point to Ellmau every tree is down, nil 
lying in the same direction, viz. north-west. On the hill north of Ellmau 
and facing the valley to the Ferchensee there are three knolls with not a tree 
standing. On the West of Ellmau, between it and Graseck, in a wood of 
fine silver firs, masses of huge trees lie in every direction ; while others, with 

1 Since writing the foregoing a correspondent writes to a Munich newspaper :— " The 
late storm has done an immense amount of mischief in the neighbourhood of Ellmau. 
Here it is almost impossible to pass. The whole of that beautiful expanse of wood, 
the Unter Himschlag, and also a part of the Earlswaldung, was entirely destroyed— not 
a tree remained standing: trees two feet in diameter were torn asunder in the middle, 
half remaining standing, the rest being carried away to some distance. Strong trees 
which have stood several gales were torn up by the roots, the earth being forced up 
with them, leaving holes ten or eleven yards in diameter. In fact no words can 
describe the strength of the storm ; it must be seen to be comprehended at all. The 
very lovely wood near Mittenwald was mown down like corn in harvest, trees lying 
one upon another, their stumps remaining six feet high as standing witnesses of the 
force of the storm. The Beschbergwald near Forchamt is also very much devastated. 
The Stangenwald near Ober-Qrainan is completely levelled, some 200,000 trees being 
destroyed. Under the huge mass of trees it is supposed great numbers of deer and 
other game most be buried." 
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the exception of a small space entirely cleared, st^md unhurt, and from the 
opposite side of the ravine the wood seems almost untouched. (This wood 
and that hy the Ferchensee are the woods referred to in the communication 
to the Munich paper mentioned in my report ) 

From that point nothing is injured till you get to the valley, with the 
exception of a few trees on the various ridges. After passing Grainau the 
storm seems to have turned up a lateral valley of considerahle elevation above 
the main valley, under the Friederspitz, where it levelled some trees, to the 
Graswang Thai, where it unroofed several houses in the village of Graswang, 
passed Ober-Ammergau (famed for its Passion Play) without doing any 
damage, and unroofed the house of the priest in Unter-Ammergau, three 
miles further. Beyond that I can hear of no damage in any direction. 

Between Oberau and Ettal, on the well-known Ettal hill, ascending 700 
feet in about a mile, several trees are down — those above the road falling 
downwards, those below upwards. The ravine which the road traverses is 
very steep. 

The huge Stangenwald, with its large trees and in greater number, seems 
alone in the greatness of its wreck. I spent two hours in it a short time since 
to witness the attempt to clear it. In one place, where the trees had been 
sawn off to clear the road, forty trees lay within a distance of twenty yards, 
twenty-three lying one upon another in one place. 

At the base of the wood, at the foot of a steep grass slope of about 45^, and 
about 500 feet high, a small wood with a chdlet seemed to have been crushed 
downwards perpendicularly. The tops of trees were still hanging on stumps 
thirty or forty feet high, while the chdlet roof was on the ground inside it, 
the walls being pressed outwards. 

It is calculated that in the entire district comprised in the accompanying 
map (Plate 11.) a million large trees are prostrate. 



DISCUSSION. 

Dr. Marcet drew attention to the great change of temperature from 31° at 7 
a.m. to 51° at 9 a.m., and 70° at 9.30 a.m., being a rise of 39° in a very short 
space of time. Such sudden changes must be connected with some extraordinary 
atmospheric phenomenon. 

The President (Mr. Scott) said he was very well acquainted with the district, 
and he proceeded to explain its peculiarities. 

Mr. Gaster said that he could not call to mind any month in which the 
movements of the various depressions which had appeared over Western Europe 
had been so changeable, and the alterations in their intensity so sudden 
and frequent, as in October 1885. Some depressions which, when they first 
appeared, were large and important systems, grew shallower or dispersed before 
they had been with us more than a few hours ; others were formed within 
the limits of our daily observationy and before they passed outside of those limits 
had grown into important systems, the full force of which was felt over other 
parts of Europe. Some of the disturbance came over the British Isles from the 
West, others from the North-west ; one (which advanced from the North-east^ 
grew deeper as it travelled across the North Sea, but on reaching the Wash 
broke up very suddenly in a few hours. These movements would be sliown 
in the^jnap given as part of the Meteorological Office Monthly Weather Report 
for October 1886, which would shortly appear. Although the storm to which 
Col. Ward had drawn attention was very local, it was probably connected 
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with a much larger system, to the movements of which he (Mr. Gaster) would 
like to draw the attention of the Fellows. 

At 8 a.m. on October 14th pressure was high over Russia and Germany and 
also over the Atlantic, the two high pressure systems being joined by what is now 
known as a ** Col," which lay from East to West over France. To the North of 
this Col (i.e. oiF our East Coast) lay the last named depression, but to the South 
of it tranquil weather was generally prevalent (so far as the Meditcrraneai^ was 
concerned), and in most places Northerly to Easterly winds were blowing, and 
temperature was low generally. The observations in Algeria, however, pointed 
to the existence of a depression further inland over North Africa ; at Biskra the 
wind was already blowing hard from North-north-west, while a falling barometer 
and gloomy wet weather showed that the disturbance was advancing Northward. 

The system over the North Sea (as alreadv stated^ now broke up, but that over 
Africa advanced Northward with rapidity. The Bulletino Meteortca of Rome, and 
the Bulletin International of Paris, for the morning of the 16th, agree in showing 
that at that time the depression was very large (covering nearly the whole of the 
Mediterranean), and that its centre lay a little to the westward of the Island of 
Corsica. Its gradients were much steeper on its North-east side than elsewhere, 
t.c. in exactly those portions which would subsequently pass over Bavaria and 
Baden. But the effect on temperature was striking, — ^for while over France, 
Spain and the Eastern parts of the Mediterranean the winds were more or less 
Northerly (North-east to North-west^, and the temperature remained low (40° to 
60® E), those over Italy and the Adnatic were Soutnerlv, and their force violent. 
Air coming with such rapidity, and straight away from Africa, brought with it the 
high temperatures of the region whence it was drawn, and the result was that at 
8 a.m. on the 16th temperatures of 68° to 75° were prevailing over the more 
southern portions of the Adriatic and Italy, where on the previous day the ther- 
mometer was not higher than 60° to 59°. In the course of the day the (iepression 
broke into two portions ; one of these moved northwards and reached the neigh- 
bourhood of Strasbourg by 6 p.m., where it dispersed ; the second (and deeper) 
portion moved North-westwaras, and, travelling along the foot of the Pyrenees, 
passed away from our area of observation to the Atlantic. 

Here, then, was a system of wind circulation advancing rapidly from the region 
of the Sahara, travelling North, and bringing with it exceedingly high tempera- 
tures, to the neighbourhood in which Col. Ward lived. It is only necessary to 
imagine the formation of a small local subsidiary disturbance near to him (and 
it has been seen tliat such phenomena were appearing fi*om time to time in other 
places) to see that the transference of that heated air and desert sand from 
the African Continent was a matter of easy accomplishment. What may have 
been the precise conditions which determined tlie formation of a squall of such 
exceptional violence, he (Mr. Gaster) could not say, but the sudden changes of 
temperature (for in Germany temperatures had been low on the 14t]i) and the 
presence of the desert dust seem to be fully accounted for by the facts here quoted. 

Mr. Gamble remarked tliat on October IGth the rainfall in the Inn Valley, 
where he was at that time, must have been very heavy, the river being in an 
unusually flooded condition. 

Mr. Symons said that possibly the flood in the Inn Valley referred to by Mr. 
Gamble might have been the result of the melting of the snow on the mountains, 
due to the high temperature prevailing. 

Col. Ward, who was not present, subsequently sent the following reply to the 
Discussion : — " With reference to Mr. Gamble's remark, I have ascertained on 
good authority from Imst, which is situated at the junction of the Inn and Gurgl 
Thais, that the rain on the 16th October was very great, though entirely unac- 
companied by wind. Great quantities of mud and d6bris were brought down the 
lateral valleys, literally — in the case of the Gurgl Thai— covering the fields to a 
depth of one to two feet, thus destroying vegetation and swelling both the waters of 
the Gurgl and Inn to overflowing; I made no reference in my report to accidents 
or loss of life, not being then aware whether any had occurred, but there was not 
an accident of any sort in the whole district, which seems most providential, as the 
woods at that time of year a^e full of men, wood labour beginning on the Ist 
October. They would iust have left their work at the time the destruction of 
the woods began. In the two villages, again, each of which contains from 1,500 
to 1,800 inhabitants, not an accident occurred either to those in the unroofed 
houses, or to the woodmen or other labourers returning to their several homes/* 



Digitized by 



Googk 



PBOOBEDINag AT MBETXMaS. 61 

PROCEEDINGS AT THE MEETINGS OP THE SOCIETY. 

NoYEBCBEB 18th, 1885. 

Ordinary Meeting. 

Robert H. Scott, M.A., F.R.S., President, in the Chair. 

Thomas Robert Hood Clunn, County Asylum, Prestwich, Manchester ; 

Richard Shepley Davies, B.A., 5 Tenison Road, Cambridge ; 

H. Courtney Fox, M.R,C.S., Lordship Terrace, Stoke Newington ; 

William Edward Jackson, Erenkeny, Constantinople ; 

John Richardson, M.InstC.E., P.G.8., F.L.S., Methley Park, Leeds ; 

Abbott Lawrence Rotch, Blue Hill Observatory, Readville, Mass., U.S.A. ; 

and 
Charles Todd, C.M.G., F.RA.S., The Observatory, Adelaide, 
were balloted for and duly elected Fellows of the Society. 

The following Papers were read, viz. : — 

»«Thb Helm Wind op August 19th, 1885.** By William Marriott, 
P.K.Met.Soc. (p. 1). 

" The Typhoon Origin op the Weather over the British Isles during 
THE Second Halp op October 1882." By Henry Harries, (p. 10). 

" Note on the Principle and Working op Jordan's Sunshine Recorder.** 
By J. B. Jordan and F. Gaster, F.R.Met.Soc. (p. 21). 



December 16th, 1885. 

Ordinary Meeting. 

Robert H. Scott, M.A., F.R.S., President, in the Chair. 

John Hartnup, F.R.A.S., Liverpool Observatory, Bidston, Birkenhead ; 
Arthur Waters Preston, Thorpe Hamlet, Norwich ; 
Richard Sheward, 13 Wilmington Square, Eastbourne ; and 
William Barton Worthington, B.Sc., M.InstCE., Upwood Mount, Cheet- 
ham Hill, Manchester, 
were balloted for and duly elected Fellows of the Society. 

The following Papers were read, viz. : — 

"The Influence op Forests upon Climate." By Dr. A. Woeikof 
Hon.Mem.R.Met.Soc. (p. 26). ' 

" Report on the Phbnolooical Observations for 1885." By the Rev. 
T. A. Preston, RA., F.R.Met.Soc. (p. 38). 

" Etudes sur les Crepuscules roses.** By Prop. A. Riccd. (p. 49). 

"The Storm op October 15th, 1885, at Partenkirchen, Bavaria." By 
Col. M. F. Ward, F.R.Met.Soc., F.R.A.S. (p. 65). 
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CORRESPONDENCE AND NOTES. 



A Meteorological Phenomenon. By Capt. T. Mackenzie, R.M.S. Moselle, 
Southampton. 

Leaving the port of Kingston, Jamaica, at dusk on November 23rd, 1885, the 
night was fine and star-Jit overhead, but about 8 p.m. a heavy bank of cloud ob- 
scured the Island, and all around the upper edges of this cloud bank brilliant 
flashes of light were incessantly bursting forth, sometimes tinged with prismatic 
hues, while intermittently would shoot vertically upwards continuous darts of 
light displaying prismatic colours in which the complementary tints crimson and 
green, orange and blue predominated. Sometimes these darts of light were pro- 
jected but a short distance above the cloud bank, but at others they ascended to 
a considerable altitude, resembling rockets more than lightning. This state of 
matters continued until about 9.30 p.m., when all display of light ceased. As I 
have never seen such a phenomenon in any other part of the world, I have 
deemed it an unusual occurrence and worthy of record. 



RECENT PUBLICATIONS. 

Alpine Winter in its Medical Aspects: with Notes on Davos Platz, 
Wiesen, St. Moritz, and the Maloja. By A. Tuckeb Wise, M.D., 
L.R.C.P., M.R.C.S. Second Edition. 8vo. 1885. vra. + 121 pp. 
and 8 Plates. 

The first edition of this book appeared under the title of Alpine Winter Cure, 
The intention of the author in the present volume is to exhibit the remarkable 
curative and health-giving properties of Alpine climate in their true light, avoiding 
exaggeration or an omission of those minor details termed ** drawbacks,'* so 
necessary to be pourtrayed in the consideration of any foreign or home health 
resort. 

American Meteorological Journal. A Monthly Review of Meteorology, 
Medical Climatology and Geography. November and December 1885. 
Vol. n. Nos. 7 and 8. 8vo. 
The principal contents are :— The Solar Thermometer, by W. Ferrel (3 pp.).— 
Determination of Air Temperature (Part 2), by H. A. Hazen (5 pp.V The 
author has made a comparison of temperatures in an open and in a Wila screen 
both ventilated and unventilated. He found (I) that in calm weather, the air in 
the morning has generally a higher temperature in sunshine than in the shade ; (2) 
that it is possible to obtain the temperature of any spot by the use of the black 
and bright bulb sling thermometers ; (3) that an open screen, allo^ving a free 
natural ventilation and shielding from rain by a slight projection on the inside 
of each louvre, is calculated to give the best results both of air temperature 
and humidity ; and (4) that the Wild screen gives too high results during the 
day hours, though entirely satisfactory as to temperature at flight. — On the 
Relations of Meteorology to Yellow Fever (Parts 2 and 3), by I. H. Stathem 
(13 pp.). — ^Notes on the Climate of Detroit, by M. W. Harrington (6 pp.). — The 
Arago-Davy Actinometer, by W. Ferrel (5 pp.). — The American Nile, by M. W. 
Harrington (5 pp.). 

Annual Report of the Board op Regents of the Smithsonian Institution 
for the year 1888. 8vo. 1886. xxxvra. + 959 pp. 
In the Appendix Cleveland Abbe gives an account of the progress of Meteoro- 
logy during the years 1882 and 1883 (87 pp.), and also furnishes a list of 
meteorological publications during that period. 
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Bulletin of the New England Meteobolooioal Bociett, Nob. 1-18, 
November 1884— November 1885. 8vo. 

The New England Meteorological Society was formed in Boston, in June 1884, 
to promote the study of atmospheric phenomena in New England. It issues a 
monthly Bulletin, which contains a summary of the weather for the month and 
tlie results of observations made at 121 stations. 

Giel et Tesbe. Bevue populaibe d'Astbonohie, de M^t^obologie, et de 
Physique du Globe. Denzieme 8^rie — Ire Ann^e, Nos. 17-20. 
November-December 1885. 8vo. 

The meteorological articles are : — Les grands tunnels des Alpes et la chaleur 
du sol (3 pp.)> — Quelques remarques sur les marges atmosph6riques, ii Toccasion 
du flux solsticial signals par Baeyer, par F. Folic (4 pp.). 

JOUBNAL AND PbOGEEDINGS OF THE RoTAL SoOIETY OF NeW SoUTH WaLEB FOB 

1884. Vol. XYin. 8vo. 1885. 

Contains : — On a new form of Actinometer, by H. C. Russell (2 pp.). This 
instrument records not only the hours when the sun shines, but also the intensity 
of that heat— Water Supply in the interior of New South Wales, by W. E. 
Abbott (27 pp. and' map). — ^A new self-registering Anemometer and Pluviometer 
for Sydney Observatory, by H. C. RuBseir(4 pp.). 

Meteobolooisohe Zeitsohbift. Heraosgegeben von der dentschen meteoro- 
logischen Gesellscbaft. Bedigirt von Dr. W. Eoppen. November- 
December 1885. 4to. 

Contains : — Einige Bemerkungen zur Entwickelungs-Geschichte der Ansichten 
nber den Ursprung des Fohn, von Dr. J. Hann (7 pp.). — Der braune Ring um 
die Sonne bei totalen Sonnenfinstemissen, von Dr. Zenker (7 pp.). — Zur Frage 
nach dem Ursprung der atmospharischen Elektricitat, von E. F. Jordan (8 pp.).— 
Ueber die tagliche Periode der Gewitter in Mitteleuropa und einige damit im 
Zusammenhange stehende Erscheinungen, von Dr. G. Hellmann (13 pp.). — Der 
vegetative Warmeverbrauch und sein Linfluss auf die Temperaturverhaltnisse der 
Luft, von C. E. Ney (6 pp.). — Intensitatsmessungen des diffusen Tageslichtes, 
von Dr. L. Weber (4 pp.). 

MoNTOOMEBTSHiBB CoLLEOTiONS. Yol. XYIII. Part 87. October 1885. 
8vo. 



Contains : — Rainfall, Temperature and Sunshine in Montgomeryshire, during 
ten years, ending 1884, by P. Wright (12 pp.). This is a summary of the 
author*s observations at Mellington Hall, Churchstoke, f or the ten years 1875-84. 

ObSEBVATIONS made AT THE MaGNETIOAL AND MeTEOBOLOGICAL ObSEBVATOBY 

AT Batavia. Published by order of the Government of Netherlands 
India, under the direction of Dr. J. P. Van deb Stok. Vol. VI. Part I. 
4to. 1885. 858 pp. 

This contains the hourly meteorological observations made during 1881 and 
1882, and the results for the seventeen years 1866 to 1882. The appendix con- 
tains papers on the following subjects: — The Influence of the Moon on the 
Cloudiness of the Sky (2 pp.). — On Lunar Atmospheric Tide (6 pp.). — On the 
Relation between the Diurnal Range of the Barometer and the Diurnal Ranges of 
the Temperature of the Air and the Tension of the Atmospheric Vapour (5 pp.). 

Pboceedikgs of the Botal Society. Vol. XXXIX. No. 289. 8vo. 1885. 

Contains an interesting paper entitled " The History of the Kew Observatory," 
by Robert H. Scott, F.R.S. (50 pp.) . 

Stmonb's Monthly Meteobologigal Magazine. Vol. XX. Nos. 288-289. 
November-December 1885. 8vo. 

In addition to the usual information, these Nos. contain the following articles : — 
The Rainband vindicated, b^ J.] R. Capron (8 pp. and 3 plates^. The author 
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concludes that the fact is established that the little dark "bar" in the vellow of the 
spectrum can well hold its own in forecast with any other "bars, and that its 
character has been amply vindicated. — Meteorological Bibliography (2 pp.). 

TbANSACTIONS and PBOOEEDINaS OP THE EOYAL SOOIETY OP ViCTOBU. Vol. 

XXI. 8vo. 1885. 

Contains:— Experience of the Barque W, E, Besse in the Java earthquake, 
August 1883, by G. H. Ridge (3 pp.). This vessel was on a vovage from 
Manila to Boston. During the time of the earthquake the shower of ashes was 
80 heavy that they covered the deck to a depth of five or six inclies, and the 
darkness so intense that it was almost impossible to distinguish an object a few 
inches distant. The barometer fell an inch at once, suddenly rising and falling an 
inch at a time.— Notes on the Meteorology of the Australian Alps, by J. Stirling 
(23 pp.). 

Transactions op the Hebtpobdshcbe Natubal Histobt Society and Field 
Club. Vol. m. Parts 5-6. June and September 1886. 8vo. 

Contains: — Meteorological Observations taken at Wansford House, Watford, 
during the years 1883 and 1884, bv J. Hopkinson (18 pp.).— Reports on the 
Phenological Phenomena observed in Hertfordshire during the years 1883 and 
1884, by J. Hopkinson (12 pp.).— Report on Insects observed in Hertfordshire 
during the year 1884, by F. W. Silvester (3 pp.). 

ZeITBCHRIPT deb dSTEBREICHISCHEN GeSELLSCHAFT PUB MeTEOROLOOIE. 

Redigirt von Db. J. Hann. Band XX. November-December 1885. 
8vo. 

Contains : — Anemometrische Studien, von Dr. C. Weihrauch (10 pp.). The 
first part of the paper deals with the question of the calculation of anemometrical 
means when less than thirty-two directions are given. The author shows that when 
the wind is only given to eight points, yet if the velocity be accurately recorded 
very fair anemometrical results are obtainable, but he still urges on meteorologists 
the adoption of a reduction to four components. In the second part of the paper 
he treats of the relation between the mean velocity obtained from the components 
and the mean of the velocities. — J. G. Gamble iiber das Klima der Capcolonie 
(7 pp.). — ^Wie man aus der Richtung und Drehung der Winde die Aenderungen 
der Isobarentypen bestimmen kann, von Prof. P. Busin (5 pp.). The author 
deals with the question of the determination of the type of isobars from wind 
observations, and states that each change of one isobar type into another produces 
at each station the same shift of wind. He concludes by saying that he can 
solve the f ollowingproblems : — (1) Given two daily observations of wind direction 
from a district, to determine in advance the type of isobars from day to day ; and 
(2) given the monthly statistics of wind ana its shifts, to determine the most 
frequent types of isobars. — Schirmthermometer in freier Suspension, von Dr. J. 
Lorenz (3 pp.). This is a proposal which bears some resemblance to Prof. 
Frankland*s suggestion for tne observation of radiation. The idea is to fit to 
the thermometer a small flat shield of white india rubber cloth to keep ofiE the 
Bun*s rays from the bulb and tube. If radiation from the ground is to be feared 
a frame covered with similar cloth is to be placed under the thermometer. The 
whole apparatus is to be placed in the open air shortly before each observation. 
Dr. Lorenz remarks that the heating of the screen cannot influence the thermo- 
meter readings. — Der saculare Verlauf der Witterung als Ursache der Gletscher- 
schwankungen in den Alpen, von C. Lang (16 pp.). — Ueber den Temperaturun- 
terschied zwischen Stadt und Land, von Dr. J. Hann (5 pp.V — Ueber das Klima 
am Congo und an der SW-Kuste von Africa iiberhaupt, nacn Dr. A. v. Danckel- 
man (9 pp.) — Die tagliche Periode der Richtung und Geschwindigkeit des 
Windes auf Berggipfeb, von R. Billwiller (7 pp.). — H. Mohn : Klima von Nor- 
wegen (8 pp.).— veranderlichkeit einiger meteorologischer Elemente von einem 
Tage zum anderen zu Budapest 1873-1882, von Hegyfoky (12 pp.).— Ueber die 
Vertheilung des Regens in Niederlandiseh-Indien 1841-1883, vo^ V Raulin 
(4 pp.). 
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Cldcatolooy of ths Sea. — ^Ak Addbess delivebed at the Annual General 
MsETDfa, January 20th, 1886. By Robert H. Scott, M.A., P.R.S., 
PreBident. 

On the former occasion on which I had the honoor of addressing yon as yonr 
President, my subject was the Climatology of the Globe, and more especially 
of that part of it which is dry land. It may perhaps interest the F.ellows this 
evening if I say a few words on the Climatology of the Sea. 

It is possibly within the recollection of a few who are present that nearly 
ten years ago (May 17, 1876) I read a paper, Remarkt on the Present Condition 
of MariHme Meteorology, which was honoured by being printed in Vol. HI. 
of the Quarterly Journal. Now a considerable space of time has elapsed 
since that paper was read, and as this period has been more or less prolific of 
investigations relating to the meteorology of the sea, I propose to notice 
briefly the most important of these researches. 

In the first place, I find in that paper notices of certain investigations 
which were in 1876 openly contemplated, if not actually commenced ; and it is 
interesting to note what has been heard of these in the succeeding nine years. 

On the part of the Meteorological Office, the discussion of the meteorology^ 
of the six Ten^Degree Ocean Squares lying about the south point of Africa 
had at that time been commenced, and has since been published. This work 
presents some features of novelty, and I shall therefore presently return to its 
consideration. 

It was further announced that the Indian Government had applied for a 

N«W SSRQSS. — ^VOL. Xa, 8 
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copy of all the observations existing in the Meteorological Office for the 
Indian Ocean north of the Equator, and that information has since been 
supplied to Mr. Blanford. 

In the way of international co-operation, the fact was mentioned that the 
Meteorological Institates of Utrecht and Hamburg had undertaken to discuss 
the existing materials for the China Bea and for the Atlantic Ocean between 
20° and 5if N lat. respectively, the two offices undertaking to interchange 
their data. 

Of these investigations all that has hitherto seen the light has been the 
information for five ten-degree squares in the Atlantic, being those from 10° 
to 80° W and from 50° to 20° N ; the squares lying on the direct track from 
the Channel to the Equator. 

The German Office, however, has published an Atlaa of the Atlantic Ocean, 
as iUusfrating its sailing directions {Segel-Handbueh) for that region. This 
work does not make any claim to represent exclusively original data, but 
like 'the Wind and Current Charts of our own Admiralty, it is a com- 
pilation from all available publications of merit, supplemented by original 
material from the stores of the 8eewarte. 

In 1876 Lieut. Brault had already commenced the issue of his Wind Charts, 
to the consideration of which I shall return again ; but I must here express 
the feelings of profound regret with which the announcement of his early 
death was lately received by all who knew him or his works. Lieut. Brault 
had contracted serious hepatic derangement during service in tropical waters, 
and even as early as at the Congress of Rome in 1879 was suffering gravely from 
its effects. He stiU, however, struggled on manfully, and succeeded in publish- 
ing his Wind Charts for all the oceans before his death in August last. The 
French Academy awarded to him in 1881 a moiety of the <* Prix extraor- 
dinaire destine & recompenser tout progr^s de nature k accroitre Tefficacit^ de 
nos forces navales." 

Our own work on the meteorology of the Cape of Oood Hope must first be 
noticed. It presents some features of novelty as compared with previous 
publications, inasmuch as in it the materials have been subjected to a process 
of *' weighting," which I shall now proceed to describe briefly. 

To explam the reason why this novelty has been introduced, I cannot do 
better than quote the words of my colleague Capt. Toynbee •. — ** There can be 
no doubt that observations at sea are much affected by the speed of the ship, 
more especially in those parts of the sea where ships' tracks usually lie in one 
direction. * * * In the part of the sea which lies near the Cape of Good 
Hope the tracks of nearly all ships bound to the eastward will be found to lie 
to the Southward of 88° S, ^hile the tracks of nearly all ships bound to the 
westward will be found to lie to the Northward of 86° S. Hence Westerly 
winds will carry the ** outward bounder " quickly through a given space of 
the sea which lies to the southward of 88° S, while Easterly winds will check 
her progress and keep her longer recording observations, in that space. To 
the northward of 86° S this rule will be reversed, and Westerly winds will 



Digitized by 



Googk 



BCOTT — president's ADPBE8S. C7 

detain the *' homeward bonnder *' longer in a given space of the sea, while 
Easterly winds will carry her quickly through it. If we were to employ tlie 
method of giving an equal weight to each observation, the result would be 
that an undue weight would be given to Westerly winds to the northward of 
86^ 8, and to Easterly winds to the southward of 88° S." 

The diagram (Fig. 1) shows the practical effect of the ship's different 
tracks on the resulting windroses for a single square degree lying off the 
Cape of Good Hope. The full line shows the windrose and resultant, 
8 28° W (force 2*0), yielded by giving an equal weight to each observation ; 



Fig. 1. 
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the dotted line the windrose and resultant, S 81° E (force 2*8), yielded by 
giving an equal weight to each ship. The least reflection will show the 
Fellows that the latter result is more likely to be correct than the former. 
The same principle is of course applicable to observations of the barometer, 
and in £Eu;t to all data relating to weather. 

As a ready though only approximate method of arriving at a true result, 
the plan was adopted of admitting no more than a single observation from the 
same ship on the same day, and in the same one-degree square : the mean 
being taken when the ship had made many observations on the same day in 
the same square. The observations being at four-hourly intervals, it is only 
with very unfavourable winds that a ship would record more than two or 
three observations in a single one-degree square. 

It is a remarkable £act that none of the foreign meteorologists whom we 
consulted, men of great experience, would recognise the desirability of this 
weighting process, and accordingly the wind results for the Cape District 
^sdiich we have published are not comparable with those which have appeared 
elsewhere. 

There is, however, another point of novelty . connected with the Ciipe 
discussion which may possibly interest the Fellows. The observations have 
been grouped together, not for the ordinary five or ten-degree squares, but 
for homogeneous areas. The monthly means being originally taken for 
single-degree squares, the results were carefully compared together, and if 
^ number of these, lying dose to each other, were found to agree inxa- se in 
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the general disiribaiion of their results, the squares were thrown together 
and a general mean was taken. 

Some such principle of rational grouping had been proposed more than 
twelve years ago by Professor Buys Ballot in his Sequel to the Suggettions on a 
Uniform System of Meteorological Obeervatiotu, but as yet it is only our 
office which has followed the Professor's lead (in his North Atlantic Wind 
Cham 1877). 

There is yet another novelty in the mode of representation of barometrical 
results. It was found that the use of the ordinary system of exhibiting the 
distribution of pressure, by isobars, conveyed a very imperfect idea of the 
state of affairs, as all the phenomena of range are entirely masked when the 
bare mean results appear. 

Diagrams of barometrical frequency are therefore used, and I have repro- 
duced some of these on an enlarged scale (Fig. 2). The scale on the left 
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represents that of the barometer, and the ordinate of the curve at any scale 
reading is proportionate to the percentage frequency with which the barometer 
has been observed to stand at that particular height. The area enclosed by 
the curve is therefore approximately constant in all cases, so that the ordi- 
nates of the different curves may be compared with each other, and the relative 
frequency with which the barometer stands at each individual height in 
different parts of the district may be learnt at a glance. 

A similar plan has been adopted for the specific gravity of sea water. 

As soon as this investigation of the region lying near the Cape of Good 
Hope had been completed, the main attention of the Office was temporarily 
diverted from what I may call the climatological branch of marine meteoro- 
logy to the prosecution of weather study, as the Fellows must be fully aware, 
from the circumstance that our forthcoming Atlantic Weather Charts have 
been repeatedly mentioned at the meetings. 

There is, however, another independent series of charts emanating from 
the Office, and these, I may be allowed to say, indicate a return to the plan of 
treatment of oceanic data at first followed by Admiral FitzBoy, of dealing 
with the several elements separately. 

These charts have been drawn by Lieut. B^illie, whp in their preparation 
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has Qiilised not only onr logs and the logs and remark books of the Boyal 
Navy, bat also the published records of various voyages of discovery, under 
whatever flag these had been carried on. In the Charts of Sea Temperature 
which are published, and in those of Barometriad Pressure^ which are in the 
engraver's hands, few available records go back further than half a century, 
for the simple reason that the quality of the old instrumental outfit of a ship 
does not come up to modem requirements. In the Charts of Ocean Currents^ 
which Mr. Baillie is now commencing, the sources of material are far more 
copious, inasmuch as every log of a diip, which was correctly navigated will 
yield good Ourrent observations. 

It should be pointed out that the pressure charts are accompanied by a 
set of index charts on a smaller scale, showing the amount of barometrical 
range, and thus indicating to the seaman within what limits the readings ho 
may obtain in each district may be expected to vary. 

The next publications which I have to notice are those of Lieut*^ Brault, 
and they comprise a series of charts for the four oceans — ^Atlantic, North 
and South, Indian and Pacific. These are sixteen in number, in four sets, 
one for each quarter of the year. In this respect they resemble the PUot 
Wind and Current Charts of our own Admiralty. M. Brault contemphtted, 
if he had been spared, to have supplemented these charts by a set of sixteen 
others, showing Currents and other meteorological phenomena, and ultimately 
to have issued a series of monthly charts. These charts give not only the 
direction, but also the force of the wind, and M. Brault was able, for certain 
oceans at least, to draw isanemones, or curves of equal wind-force, which, as 
might be anticipated, coincide very generally with the isobars. 

These charts were not, however, as our neighbours across the Channel 
maintain, the first charts of wind-force ; for the charts of ocean statistics in 
five-degree squares, of which the issue was commenced by Admiral Fitz- 
Boy, although but a few appeared for the North Atlantic, also gave informa* 
tion as to wind-force. The materials for these statistics were obtained firom 
the logs accumulated by the Office, at that time in its comparative infiuicy. 
Subsequently, in the charts for Nine Ten-Degree Squares, which appeared in 
1876, the wind-force was duly noticed. 

All these charts had appeared before Lieut. Brault had published anythingi 
but it must be admitted that he was the first to exhibit charts of wind-force 
for the whole globe. It is, however, greatly to be regretted that his charts 
are for three-monthly periods, so that any change which may take place 
between the first and last of the months is comparatively masked. This 
defect would have been removed if the charts had referred to the central 
months of the four seasons as types. 

The next series of charts to be noticed are those emanating from the 
Dutch Institute, and these are mainly wind charts. The area taken up is the 
Atlantic Ocean, North and South, and this is folly dealt with excepting the 
belt from l^'' to 26^ S, the heart of the South-east Trade Wind. The 
extent of longitude covered by the charts varies according to the ship traeks, 
for the information furnished by the Dutch ships refers mainly to the tracks 
from the Straits of Sunda to the coast of Holland,. 
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The chai-ts give monthly windroses for single degree squares, and in 
addition quarterly windroses for rational areas, which are not by any means 
the same in all the charts, but are selected according to the distribution 
of materials. 

The Dutch haye also published two sheets showing the mean barometrical 
pressure for the Atlantic ; these sheets really show the data for monthly 
barometer windroses to sixteen points of the compass, and for strips of 5^ of 
latitude. The strips vary in width from 80^ of longitude off the coast of 
Portugal to only 10° at the Cape of Good Hope, but preserve an average 
width of twenty degrees from the parallel of 85° N to the Equator. They 
stretch from 25° to 46° W in 86° N, and from 15° to 25° W on the Line. It 
will be seen from these figures that the region to which the data refer is 
limited by the usual homeward bound tracks of ships, and is far from cover- 
ing the whole extent of the ocean. 

My notice of European marine work, however, would be far from complete 
were I not to mention the work first begun by the lamented Capt. Hoffmeyer, 
of charting the weather over the North Atlantic. This is now being carried 
out on the lines laid down by him by Dr. Neumayer at Hamburg, and by 
Dr. Paulsen, Captain Hofiineyer's successor at Copenhagen. 

Of the original series Capt. Hoffmeyer published charts for 8^ years, Sep- 
tember 1878 to November 1876. And of the series now in progress, the 
charts for fifteen months, from December 1880 to February 1882, have 
abready seen the light. 

Of special investigations in connection with ocean meteorology, I must not 
omit to mention the discussion of the Challenger results by Mr. Buchan, and 
the completion of the Norwegian Atlantic Expedition in the Voringen in the 
summers of 1876-8. 

This latter expedition is the only instance on record of a series of meteoro- 
logical observations at sea, made under the personal supervision of an 
experienced meteorologist (our honorary member Professor Mohn), who 
himself has subsequently discussed and published the results. A portion of 
these results were laid before this Society in 1878 by Prof. Mohn, and appear 
in Vol. rV. of our Quarterly Journal; but the complete volume, which 
appeared in 1888, is a perfect treasure-house of experiments on the various 
modes of conducting observations on the several phenomena embraced under 
the term Maritime Meteorology. 

Leaving the Old World we now come to see what is being done in the New, 
where some thirty years ago the foundations of our knowledge of ocean 
meteorology were laid by Maury. The United States Naval Observatory has 
given up meteorology, and the Coast Survey is now devoting its attention 
mainly to geodesy and land surveying ; the Hydrographic Office at Washington 
has, however, taken up actively the study of ocean meteorology, which had 
been somewhat in abeyance since the war. 

Two series of charts for extensive areas have appeared. The first was pub- 
llslicd in 1878, and it refers to the North Pacific Ocean as far as the meridian 
of 180° W, and the parallel of 45° N. The second appeared in 1888, and covers 



Digitized by 



Googk 



ftOOTT — PBESiDENT'S ADDRESS. 71 

the North Atlantic. In each series of charts the mean values for each element 
are given nomerically for five-degree squares, hut no graphical representa- 
tions have heen issued excepting some for the whole year, which naturally 
have but little value compared with similar charts for individual months. 

For the last two years the Washington Hydrographic Office has taken a 
fresh departure, with its Pilot Charts for the North Atlantic. These appear 
monthly, and it is announced that we are to expect a weekly issue hereafter. 
They give mean results for the current month, with extracts from logs as to 
remarkable experiences during the month which has preceded it. Thus, for 
instance, the chart for December 1885 exhibits Maury *s mean figures for 
December, and in addition the reports of ice, derelict ships, waterspouts^ 
whales, &c. which have come in for the November just preceding. This is 
a most important undertaking, but its successful prosecution can only be 
expected where a liberality such as that of the Washington Government 
enables the publishing office to place a copy of the very latest edition of the 
chart for each particular month in the hands of each captain leaving a port. 

What are then the prospects of Marine Meteorology at the beginning of 
1886? In our own Office the task of preparation of the Daily Atlantic Weather 
Maps for the year of circumpolar research is completed, and the stage of 
engraving the results has been reached. This may be expected to last more 
than a year. 

Of other investigations of a similar nature I may say that our honorary 
member, Dr. Neumayer, has undertaken, for the same interval of time, the 
preparation of Daily Charti for the South AtlatUic, a perfectly novel and very 
promising field of investigation, for no attempt has yet been made to throw 
li^t on the weather prevailing off the Rio de la Plata and the coast of 
Patagonia. 

For the Indian Ocean Dr. Meldrum is still engaged with his charts for the 
year 1861, of which we may shortly expect a further instalment. The Chief 
Signal Office, Washington, is of course continuing its Int-emational Charts^ 
but as these mainly depend on land observations, they do not come directly 
under my notice this evening. 

Of new work, dealing exclusively with observations made at sea, we our< 
selves have taken up the study of the Bed Sea meteorology ; but this area is 
so limited that the discussion must speedily be brought to a dosci and no 
other inquiry of a similar nature is as yet in contemplation. 

The proposed preparation of Monthly Current Charts is an important 
undertaking, and one which may be expected to occupy a considerable 
interval of time. The idea of monthly charts commends itself to every one 
who really considers the subject. An annual chart can make no pretence to 
represent seasonal changes in currents, if such exist, and to take four months 
as typical of the seasons is a step, but only one step, in advance. In the 
progress of discussion of monthly data, we may fairly hope that interesting 
facts as to the periodical changes in currents will come to light, and that 
many of the theoretical generalisations as to marine circulation will be 
brought face to face with a solid array of facts. 
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On the Continent the only new inquiry which has been fonnally announced 
is one relating to the Indian Ocean. The Meteorological Institute of the 
Netherlands contemplates the preparation of an Atlas for the Indian Ocean, 
after the model of that for the Atlantic published by the Deutsche Seewarte. 
As regards the northern portion of that ocean, the Indian Meteorological 
Office, under Mr. Blauford, has obtained for discussion a copy of all the 
materials existing in our hands, so that we may expect that this region, at 
least, will be very thoroughly dealt with. 

The Pacific, however, still remains a practically unknown sea. The 
Hydrographic Office, Washington, has, as I have said, published charts of 
data for the north-eastern portion, but no attempt at an exhaustive discus* 
sion has been made even of this region. 

We may now at last begin to think that a good time is coming. The 
Transpacific passenger trade to San Francisco from the Australian Colonies 
and from China is daily increasing in magnitude, and observations from those 
routes cannot fail to come in, if not to this country, at all events to the 
United States. We may, however, anticipate that ere long we shall have 
lines of steamers to British ports on the Pacific coast. The completion of 
the Canadian Pacific Railroad, which brings Vancouver Island within ten 
days of England, has brought China nearer to Europe than it is even by the 
Suez route. As regards India, the time occupied is about the same by the 
East or by the West, while the latter route offers one advantage which may 
possibly have weight, that, while the sea is free to all, the entire land portion 
of the journey is within the limits of our own territory, and does not call 
for perpetual anxiety, if not actual warfare, to ensure the safety of oust 
communications. 

These considerations must, sooner or later, come to the front, and then 
the Pacific Ocean will have a chance of remaining no longer a region 
meteorologically almost unexplored, and our knowledge of the atmospheric 
conditions of the accessible oceans of the globe will make some claim to 
completeness. 



REPORT OF THE COUNCIL 

FOR THE YEAR 1886. 

The Council are glad to report that the year now closing has been one of 
almost unexampled activity, for at their first Meeting in February no less 
than seven separate Committees were appointed, viz. — 

General Purposes Committee: — The President, Secretaries, Foreign 
Secretary, Treasurer, Mr. Ellis, Mr. Latham, Mr. Laughton, and Mr. Lecky. 

EniTiNa Committee : — ^The President, Mr. Inwards, and Mr. Whipple. 

Annual Exhibition Committee : — ^The President, Secretaries, Mr. Lecky, 
3Irv Strachan, and Mr. Whipple. 
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Intebnational Inventions Exhibition Committee : — The President, 
Secretaries, Mr. Lecky, and Dr. Marcet. 

ExFBBiMENTAL Reseabgh COMMITTEE : — The President, Mr. Archibald, 
Mr. Benn, Mr. Eaton, Mr. C^ Harding, Mr. Langhton, Mr. Bussell, Mr. 
Symons, and Mr. Whipple. 

Decbease in Wateb Supply Committee : — ^The President, Mr. Chatterton, 
Mr. Latham, and Mr. Symons. 

New Pbemisbs Committee : — The President, Secretaries, Mr. Chatterton, 
Mr. Dyason, and Dr. Williams. 

In Jone an Eighth Committee was nominated, viz. : — 

Wind Foboe Committee : — The President, Mr. Archibald, Mr. Chatterton, 
Mr. C. Harding, and Mr. Laughton. 

The whole of these Committees have met frequently and have done much 
for the advancement of meteorology as will be gathered from the following 
brief notes on their work. 

The nsual Annual Exhibition of Instruments was held on March 18th, at 
the Institution of Civil Engineers, and was kept open till March 20th. There 
were eighty-four exhibits, a complete list of which will be found in the 
Quarterly Journal, Vol. XI. p. 242. 

At an early meeting, the Council took into consideration the continuance 
of the Climatological Station at the International Inventions Exhibition, and 
the preparation of a short Pamphlet for distribution. They decided to modify 
the Pamphlet which was distributed at the Health Exhibition, and to add a list 
of Meteorological Instruments invented since 1862. A copy of this Pamphlet 
was forwarded to the Fellows in July. The Jury Commission has awarded 
to the Society a Diploma of Honour for its Meteorological Station* The 
instruments were removed at the close of the Exhibition, so that the observa- 
tions taken in the grounds of the Exhibition have now ceased. 

Considerable progress has been made with the Helm- Wind inquiry by the 
Experimental Research Committee, who have collected a large amount of 
information on the subject, and have presented a Report on the occurrences 
of the Helm- Wind from 1871 to 1884, which was read at the April Meeting 
of the Society.^ In order to further investigate the matter, the Committee 
considered it desirable that thermometrical and hygrometrical observations 
should be obtained from the neighbourhood. Before starting the observa- 
tions, the Council requested their Assistant Secretary, Mr. Marriott, to visit 
the district and to make inquiries on the subject. This he did in August, and 
was fortunate enough to witness the phenomenon of a slight Helm, an account 
of which was read at the November Meeting.' The Penrith and District 
Literary and Scientific Society has taken great interest in the matter, and a 
number of its members have arranged to go out into the neighbourhood of 
Cross Fell when the Helm is on and make observations on each side of and 
beneath the Bar, as well as at various places in its vicinity. The co-opera- 
tion of a number of observers at fixed stations has also been enlisted. As, 

1 Vol. XI. p. 226. a Vol. XU. p. 1. 
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for this purpose, several instnunents will be required, your Council made 
application to the Meteorological Council for the loan of such, which has been 
readily granted. A Bichard Thermograph has also been placed at the disposal 
of the Committee by the Hon. Ralph Abercromby. The Council have to 
acknowledge the valuable assistance which Mr. T. G. Benn, of Newton-Beigny, 
hag rendered them in the Helm-Wind inquiry. 

A Report from the Decrease of Water Supply Committee was read at the 
April Meetiog of the Society.' A considerable amount of data had been 
received, but as the Council deemed it insufficient, it was decided that when 
the Report was printed in the Quarterly Journal^ a circular should be issued 
to the Fellows inviting oommunioations on this very important subject. 

The reference to the New Premises Committee was a request to seek for 
new Premises, at an annual rental of not more than iS150, inasmuch as the 
present rooms are found to be rather inconvenient for the Library and ex- 
tended work of the Society. The Committee reported that they had met with 
only one set of rooms which was at all suitable ; and for three rooms near 
Great George Street, on the ground floor, at the back, the sum of £160 per 
annum was asked. The Committee advised the Council that they did not 
reconunend these premises to be taken, as the rent was too high, and the 
rooms would not afford sufficient light for the work of the Society. The 
Council adopted this Report. 

The Wind Force Committee was appointed to investigate the relation 
between Beaufort's Notation of Wind Force and the equivalent velocity in 
miles per hour, as well as the corresponding pressure in lbs. per square foot 
for each grade of the scale. Also to inquire whether or not any exbting 
scale can be adopted or modified ; and if not, to determine what equivalents 
can be recommended for general and international use. Lastly, to report on 
the best mode available for the attainment of a satisfactory solution of the 
entire question. Sufficient time has not yet elapsed for a report on this 
difficult subject; but it is to be hoped that when received and discussed, some 
approach to uniformity will be attained. 

A Bill was brought into the House of Commons by Sir Charles Bilke and 
the Attorney-General (Sir H. James), termed the *< Corporate Property 
Security Bill,*' to prevent the members for the time being of any scientific 
Society, not being an association formed for trading purposes, from deter- 
mining the existence of such Society, or dividing its property, except with 
the consent of one of Her Mijesty's Superior Courts. As the Council were 
of opinion that this Bill would unduly limit the powers of this Society, they 
prepared a Petition against the Bill under Seal, which was presented on 
April 21st by Mr. P. Phipps, one of the Fellows, to the House of Commons. 
The Council pointed out in their Petition, that, subject to certain restrictions 
contained in the Charter, they have, on behalf of the Society, full power to 
dispose of the corpus and income of all property, whether real or personal, 
belonging to the Society ; and they considered that the Bill would not only 

1 Vol. XL p. 21G. 
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undoly restrict tbe powers of the Society, but augment the difficulty of carrying 
on this and other learned Societies. The Petition will be found printed in 
Appendix m. p. 82. The Bill was opposed by many other bodies, and did 
not become law. 

A letter was received from the International Meteorological Committee, 
announcing that the General Meeting would be held in September at Paris, 
and inviting suggestions for consideration and discussion. The Council re- 
quested the International Committee to decide upon the following questions : — 
(1) A Standard Velocity Anemometer ; and (2) The general adoption of a 
uniform height for Anemometers above the ground. A reply has been 
received to the effect that, in the opinion of the International Committee, the 
questions are too complex, and have not yet been suffidently studied to arrive 
at a resolution. 

The Society's Stations in the North and East of England have been in- 
spected by Mr. Marriott during the year, and were found to be in a satis- 
factory state. The thermometers had undergone less change than at the 
former inspections ; but in a few cases some spirit was discovered at the top 
of the tube of the minimum thermometers. As this is one of the most 
frequent causes of error in temperature observations, the particular attention 
of observers is directed to it. It was also found that in two instances the 
divisions on the thermometer tubes and those on the porcelain scales did not 
agree, causing risk of erroneous readings. The Beport also points out the 
advisability of a cap being placed over the receptacle for water used for the 
wet-bulb, so as to prevent evaporation and keep the water clean. Mr. 
Marriott also took photographs of the stations, which have been placed in the 
Society's Album, thus forming a valuable and interesting record of the 
Stations and their surroundings. The Beport will be found in extetiso in 
Appendix I. (p. 77). There have been some slight alterations in the list of 
stations during the year, returns having been accepted from Bennington 
(Herts) and Ushaw (Durham), whilst those from Leaton (Shropshire), 
Throcking (Herts) and Tunbridge (Kent) have been discontinued. The total 
number of stations is eighty-one, there being twenty-five Second Order and 
fifty-six Climatological Stations. 

The Meetings of the Society during the past Session have been well 
attended, and the speakers numerous, so that there has been often a difficulty 
in concluding the, business within the usual time. The number of Papers 
read has been twenty-five, and among these an unusual proportion has been 
famished by the Honorary Members, especially by Dr. W. Eoppen and Dr. 
Woeikof, each of whom has contributed two. 

The Meteorological Record continues to be printed and circulated as usual, 
but with the commencement of the New Year it will be reduced in size. The 
Quarterly Betums of the Begistrar-General will, for the future, be issued with 
it, instead of forming part of the Quarterly Journal, so that the publication 
of the latter may not be delayed. 

The Council have drawn up a list of the rules under which Papers are 
accepted by the Society. The most important of these rules refer to the 
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property of the MSS«, Diagrams, and Charts sent to the Society, and the 
eost of authors' corrections. The Secretaries are also empowered to refuse 
Papers which are not properly prepared. These roles will be found in 
Appendix IL p. 81. 

The Library has received a full share of attention, nearly £40 having 
been expended in the purchase of books and in binding. A large number 
of publications of various kinds has been received in exchange for the copies 
of the Journal and Record sent to various Public Institutions and Scientific 
Societies in different parts of the world. In addition to these several import- 
ant works have been presented to the Society by individuals. A list of the 
donations received during the year will be found in Appendix YII. (p. 87). 
The numerous applications received by the Council for an exchange of publi- 
cations are an indication of the esteem in which the labours of the Society 
are held. 



The Society has to deplore the loss by death 
Bev. William B. C. Adamson elected in the 
N. St. B. Beardmore, M.Inst.C.E. „ 
William Gough Birchby „ 

Lieut.-Col. G. E. Bulger, F.L.S. „ 
James Deane „ 

Samuel Forrest „ 

M^jor Fermor B. Gritton „ 

William Jones Loyd, M.A. „ 

Bev. F. Bedford, M.A., F.B.S.E. „ 
Cornelius Walford, F.I.A., F.S.S. „ 



of eight Fellows : — 
Society February 21st, 1888. 
June 18th, 1878. 

„ February 15th, 1882. 

„ March 16th, 1876. 

„ December 17th, 1878. 

„ February 18th, 1880. 

„ March 16th, 1876. 

„ January 16th, 1879. 

„ November 27th, 1866. 

„ March 21st, 1888. 



The number of Life Fellows on the roll of the Society is 186 ; of Ordinary 
Fellows 881 ; and of Honorary Members nineteen, thus making a total of 
686, being a decrease of sixteen on the year. 

The following table exhibits the changes which have taken place in the 
number of Fellows during the year : — 







Ute. 


Honorary. 


Total. 


1884, December 81 ... 


896 


187 


19 


661 


Since elected • 


+20 

- 8 
-28 

- 1 

- 2 



- 2 





■ 







+20 
-10 
-28 

- 1 

- 2 


Deceased 


Retired 


Defaulters 


Lapsed .4... • 




1886, December 81 ... 


881 


186 


19 


686 



At first the Balance Sheet appears unsatisfactory, as the balance brought 
forward from last year was £196 Os. Od., whilst that at the end of the current 
year it was only £155 7s. 8d., showing a deficiency of £41 2s. 6d. 
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Several iiema which are found under the heading of Expenditure will, however, 
not recur during next year, viz. £31 15s. Od. invested for sums received 
from compounding Fellows in 1884 ; an excess of above £40 for printing and 
illustrations for the Quarterly Journal; of about £10 for Forms for Observa- 
tions, &c. ; and about £25 for expenditure in connection with the Inter- 
national Inventions Exhibition; making a total of J6106 15s. Od. The 
Meteorological Council has made its usual annual grant of £25 towards the 
expenses incurred in the Inspection of Stations, and the ordinary payments 
for copies of the Weekly, Monthly and Annual Betums from the Society's 
observers. 

The foregoing figures are, however, sufficient to show that if the Society is 
to be maintained in its present position of activity, the Fellows must make 
strenuous efforts to induce such of their friends as are suitable to join its 
ranks. If each could introduce one new Fellow during the year no more 
would be heard of a reduced balance to credit, and the Society would be 
enabled to enter boldly into more than one field of research from which it is 
now debarred by considerations of necessary and judicious economy. 



APPENDIX I. 
Bbpobt on THB Imspeotion OF THB Btationb DmoNa 1885. 

Thb stations in the North and East of England have been inspected during 
the year, and found to be generally in a very satisfactory condition. 168 
thermometers have been tested, and the result showed that less change 
has taken place since the previous comparison than had been found on 
former occasions. In a few cases spirit was discovered at the top of the 
tube of the minimum thermometer. This is a common source of danger ; 
and observers should always be on the look out for the first appearance of 
spirit at the top of the tube. 

In two instances the divisions on the thermometer tube did not agree by 
1^ with those on the porcelain scale, the tube having slipped. When such 
is the case, the observers are apt to get into the habit of looking at their 
thermometers sideways, and consequently obtain an erroneous reading. 

The muslin and cotton round the wet-bulb thermometers were generally in 
good condition, except at about three stations, where the muslin was nearly 
dry. It is desirable that a cap or cover with a small hole in it should be 
placed over the top of the water receptacle, as this would prevent evaporation 
and also keep the water clean. 

The thermometer screens in several instances required painting. 

I beg to submit photographs of all the stations inspected, which are 
mounted in the Album along with those taken last year. These photographs 
now form a valuable and interesting series of pictures, showing the exposure 
and surroundings at the various stations. 

WnjJAM Marriott, 
October 6th, 1885, Assistant-Secretarjr. 
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Notes on the Stations. 

Alston, Augutt 20th. — ^This station was in good order. The maximam 
and minimnm thermometers were fonnd to be reading too low by 0^*4 and 
0^-8 respectively. — Observer, T. W. Dickinson. 

AsPLBY Guise, September 18th. — ^This station was in good order. A new 
pattern thermometer screen has been obtained and is in nse. The shnibs 
and trees to the west are growing very rapidly, so that it will be necessary 
shortly to remove the rain-gauges farther to the east. The thermometers 
were all correct except the minimum, which had O'^'B of spirit at the top of 
the tube. The sunshine recorder has been removed from the lawn and 
placed on a tower which has been added to the house. — Observer, £. £. 
Dtuond, J.P., F.B.Met.Soc. 

Belpeb, September 1st. — The thermometers were found to be correct. The 
thermometer screen required painting. The exposure is very confined, being 
much enclosed by trees. The rain-gauge, which is in a lower part of the town, 
was very much protected by trees on the south-east and north-north-east. 
The observer was requested to have it removed to a more open situation. — 
Observer, J. Huntbb, F.Il.Met.Soc. 

Bennington, September 17th. — ^This station, which is nearly midway 
between Buntingford, Stevenage and Ware, is on the highest ground in the 
whole of the district, which is of a very undulating nature. The instruments 
are placed in an extension of the lawn in front of the house, the ground sloping 
to the eastward. Every thing was in good order. None of the thermometers 
except the maximum and the grass minimum had Kew certificates. — Observer, 
Rev. J. D. Pabkeb, LL.D., F.B.Met.Soc. 

BiiAOKPOOL, Auffust 28th. — ^Everything at this station was in a satisfactory 
condition. The sunshine recorder, anemometer, and sea thermometer are at 
the end of the North Pier. Dr. Welch, the Medical Officer of Health, has 
charge of these instruments and has also a Stevenson screen close to the beach, 
which will, however, be removed to a more suitable position. — Observer, 
C. T. Wabd, M.A., F.R.Met.Soc. 

Bolton, August 29th. — The instruments were in good order, the recom- 
mendations made at the last inspection having been carried out. A new 
pattern thermometer screen has been obtained. The observer has also a 
Bichard barograph. [Mr. Mackereth was obliged to discontinue the observa- 
tions on December 81st, 1885.] — Observer, Bev. T. Maoeebetb, F.B.Met.Soc. 

Boston, Jvly 30th. — ^The instruments were in fair order. The Officers of 
the Ordnance Survey had erected a platform on the top of the tower of the 
church, and at the time of my visit masons were engaged in repairing the 
pinnacles. The outer screen round the electrical thermometer had been 
temporarily taken down. — Observer, G. E. Hagkfobd. 

Buxton, September 1st. — ^The thermometers were correct except the grass 
minimum, which had some spirit at the top of the tube. The thermometer 
screen required painting, and the rain-gauge to be firmly fixed and made 
quite level. The observations haye been under the superintendence of Dft 
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Thresh sinee January 1st, Dr. Sykes having left Buxton at the end of 1864.— 
Ohierver^ Db. J. C. Thbbsb. 

Cheadlb, August 31st. — ^The thermometer screen required painting, and 
also strengthening to prevent oscillation in windy weather. The barometer 
had been sent to the maker to be cleaned and to have a wooden case made 
for it, an aneroid being used in the interval. The observer was requested 
to move the rain-gauge further to the north-west, so as to make a smaller 
angle with the tree on the south-east. — Observer, J. G. Pbilxps, J.P. 

Cbamlinotom, July 25th. — On comparing the thermometers it was found 
that the minimum read 0^*4 too low. The thermometer screen required 
painting. The rain-gauge had been removed to the more open site selected 
for it at the last inspection. — Observer^ W. Bomallo, F.B.Met.Soc. 

Cbombb, August 13th. — ^As the bulbs of the thermometers were only 8ft. 
6ihs. above the ground, and the door of the Stevenson screen opened to the 
east instead of the north, the observer was requested to have the screen 
raised to 4ft. and turned so that the door shall open to the north. It would 
be more satisfactory if grass were laid down under the screen, and if no shrubs 
allowed to grow round it. — Observer^ J. Goopbb, F.B.G.S. 

Fdychley, September 24th. — The instruments were in the same position as 
at the last inspection. The thermometer screen was very dirty and urgently 
required painting. I was informed that the instruments would be removed 
in the course of a few weeks to the site selected for them last year. A new 
rain-gauge will be obtained, the present one having leaked in the fdnnel and 
been repaired. — Observer, H. G. Stephens, F.B.Met.Soc. 

HiLLiMaTON, August 14th, — The thermometers were all correct. The 
observer was requested to have overlapping boards put at the bottom of the 
screen, and also a louvre on each side of the screen, where it is at present 
wanting. The sunshine recorder is now placed on the top of the house, the 
only object likely to affect it being the chimney on the west-south-west to 
ire&i.— Observer, Bev. H. E. B. Ffolkes, M.A., F.B.Met.Soc. 

HonsooK, September 3rd. — ^Every thing at this station was in good order. 
In addition to a full set of instruments the observer has a Bichard barograph 
and an electrical anemometer. — Observer, H. Melush, J.P., F.B.Met.Soc. 

Ebmilwobth, September 19th. — ^The observer was away firom home at the 
time of my visit, but the gardener was in charge of the observations. On 
examining the thermometers it was found that there was a considerable 
amount of spirit at the top of the grass minimum. The thermometer screen 
required painting. — Observer, T. G. Hawlet, F.B.Met.Soc. 

Lowestoft, August 12th. — This station was in good order. On comparing 
the thermometers it was found that the zero of the maximum had risen 0^*8. 
It was proposed in the course of a few months' time to enlarge the garden, 
which will improve the exposure of the instruments. — Obsej-ver, S. H. Milleb, 
F.B.Met.Soc. 

Maoclesfield, August 31st. — ^The exposure is very open, being in the 
Public Park, but the railed-off enclosure, which is only ten feet square, is too 
small. On comparing the thermometers it was found that the minimum hsA 
(f -4 of spirit at the top of the tube,— 0&f»rr#r, C. Bosoob, 
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• NswTOM REiaNr, August 21st. — ^Every thing at this station was in a 
very satisfaotory condition and beaatifolly clean. — Observer^ T. G. BbnN) 
F.B.Met.Soo. 

Oakamoob, August 31st, — ^The observer was away from home at the time 
of my visit, but the observations were in charge of Hne railway booking-clerk. 
The instniments were not in a satisflEictory condition, the thermometer screen 
urgently requiring painting, and the muslin and cotton on the wet bulb being 
very dirty and nearly dry. — Observer^ G. Williams. 

Old Street, London, September 24th, — ^The wet-bulb thermometer was 
broken on February Ist, and was replaced by a new thermometer on February 
8rd. Every thing was in good order. — Observer, Bev. A. P. Hogkin. 

BouNTON, July 27th, — ^The barometer had been moved to a better position 
since the last inspection. The thermometers were found to have altered 
their zeros. The thermometer screen required painting. — Observer, Sir I. 
L. Bell, F.B.S., F.B.Met.Soc. 

SoALEBT, August 26th. — ^The instruments at this station were in good order. 
More attention should be paid to the changing of the muslin and cotton on 
the wet-bulb thermometer, as the readings from this instrument are not always 
satisfactory. — Observer, B. A. Allison, M.P., F.B.Met.Soc. 

ScABBOBOuan, July 28th. — ^The instruments were all correct and the 
station in good order. The thermometer screen had recently been painted. — 
Observer, A. Bowntbbb, F.B.Met.Soc. 

Seathwatte, August 24th, — ^This station was in good order. — Observer, 
W. Dixon. 

Somebletton, August 12th. — ^This station was in a satisfactory condition, 
the instruments being all in good order. — Observer, Bev. C. J. Stbwabd, 
M.A., F.B.Met.Soc. 

Southend, September 80th, — The thermometers were all correct. The 
mercury in the maximum thermometer jumped up 8^ or 4P after being set 
when fixed in the screen. The observer agreed to procure another thermo* 
meter. As the water receptacle was at a considerable distance from the wet 
bulb, the observer was requested to have it placed in a different position. 
The thermometer screen required painting. — Observer, G. Linowood. 

St. Miohabl*8-on-Wtbe, August 27th, — ^All the instruments were correct 
and every thing in good order. — Observer, Bev. P. J. Hobnbt. 

Stapleton, August 26th, — The thermometers were all correct except the 
minimum, which had some spirit at the top of the tube. The tube of the 
maximum thermometer had slipped down a little, so that the divisions on the 
tube were 1^ lower than on the porcelain scale. I readjusted the tube, so as to 
obviate any future liability to error. The rain-gauge required to be properly 
fixed and adjusted. [Dr. Stirling left; Stapleton at the end of September, but it 

is hoped that Dr. Lorraine, his successor, will continue the observations.] 

Observer, A. W. Stiblino, M.B. 

Stbbllet, September 2nd. — This station was in good order. — Observer, 
T. L. E. Edge, F.B.Met.Soc. 

UspAw, July ;94«A.— This station is about four miles west-south-west of 
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Durham. The ground is hilly in the neighbourhood. The exposure is very 
open; the ground (600 feet above sea-level) rises to the north-west, the 
highest point being about thirty feet higher. The thermometer screen was 
much too low, the bulbs being only three feet above the ground ; it was also 
very dirty, and had not been painted for five years. The observer undertook 
to have the screen raised to the proper height, and to have it thoroughly 
painted. The rain-gauge was in a courtyard with a high building on the 
north. It was arranged that the gauge should be moved to a more open 
situation near the thermometer screen on January 1st, 1886. — Observer, 

BbV. J. COBBISHLST, B.A. 

Waxefisld, July 28th. — ^The thermometer screen and instruments were 
very dirty, and the wet bulb was not working properly. The instruments 
were cleaned and the wet-bulb thermometer put in working order before the in- 
spector left, and it was arranged that the screen should be painted. — Observer, 
H. Clabke, M.R.C.S., F.B.Met.Soc. 

Watford, September 19th, — On comparing the thermometers it was found 
that the dry, wet, and maximum all read 0^*2 too high. The divisions on the 
tube of the minimum thermometer did not quite agree with those on the 
porcelain scale. The thermometer screen required painting. — Observer, J. 
HoPKiMsoN, F.R.Met.Soc. 



APPENDIX n. 
Bulbs unpeb wmoH Papebs abb accepted by thb Society. 

1. Every Paper which may be presented to the Society shall be considered 
as the property of the Society, unless there shall have been any previous en- 
gagement by the Council with its author to the contrary ; and the Council 
may publish the same in any way, and at any time, that they may think 
proper. But should the Council refuse or omit within a year to publish such 
Paper, the author shall have a right to copy the same and publish it under 
his own direction. No other person, however, shall publish any Paper 
belonging to the Society without the written consent of the Council signed 
by one of the Secretaries (By-Law 62). 

2. No Author shall be allowed to have his Paper returned to him after it 
has been read and ordered to be printed until it is in type, unless there shall 
have been previous engagement by the Council with the author to the contrary. 

8. Should the cost of the author's corrections of the press amoflbt to a 
greater sum than One Shilling and Sixpence per page, the excess idiall be 
borne by the author himself, and not by the Society. 

4. It is desirable that Diagrams intended for inclusion in the text should 
not exceed four inches in the smallest, and seven inches in the largest 
dimension, and that they be drawn with extreme neatness. 

5. In the case of charts of the British Isles or of the North Atlantic, it is 
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requested that the outline Maps prepared by the Society be used, copies of 
which can be had on application. 

6. Authors of Papers printed in the Quarterly Journal, in addition to forty 
separate copies presented free of expense, may, on payment of the cost of 
such extra copies, have any further number not exceeding one hundred, 
except by special order of the Council. 

7. If proofs of papers be sent to the authors for correction, and be retained 
by them beyond seven days for each sheet of such proof, it will be assumed 
that such proof requires no further correction. 

8. The time allowed for the reading of a Paper at the Meetings of the 
Society is limited to twenty minutes. 



APPENDIX m. 

t^TITION AGAINST THE *< CoBPOBATB PbOPSBTY SeOUBITY BilL." 

^o the Honourable the Commons of the United Kingdom of Great Britain 
and Ireland in Parliament assembled. 
The Humble Petition of the Council of the Royal Meteorological Society 
Sheweth — 

1. That your Petitioners have had under consideration a Bill now before 
your Honourable House, intituled ** A Bill for better securing their property to 
Corporate and Quasi-corporate Associations." 

2. That the said Society was founded in the year 1850, was incorporated 
by Boyal Charter in the year 1866, and received Boyal permission in the 
year 1888 to be called the '< Boyal Meteorological Society." That the 
Society has, under the same Charter, full power to dispose of the Corpus and 
Income of all property, real or personal, belonging to it, subject to certain 
restrictions more particularly set forth in such Charter. 

8. That the provisions of the Bill would unduly restrict the power and 
independence of the said Society in the management of its own property, and 
the disposal of it to the best advantage, and would unreasonably and unneces- 
sarily augment the difficulty and expense of such management. 

4. That the said Bill is calculated to encourage State interference with the 
private concerns of associated enterprises, and to prevent or discourage 
the formation and endowment of associations similar to the said Society, 
for professional, scientific, and social purposes, beneficial and useful in them- 
selves, and of indirect advantage to the public at large. 

5. Your Petitioners humbly submit that the Bill is without precedent, and 
unnecessary, and calculated to cause mischief, difficulties, and, in some cases, 
injustice ; and they humbly pray that the Bill may not be allowed to pass 
into law, or that it may be so amended by reference to a Select Committee, 
or otherwise, that it may not injuriously afiect such Chartered Societies as 
the Boyal Meteorological Society. 
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And your Petitioners will ever pray, &c. 

Sealed with the Seal of the Society, in the presence of 
the Council, this 17th day of April, One Thousand 
Eight Hundred and Eighty-Five. 

ROBERT H. SCOTT, Presidbnt. 

G. M. WHIPPLE, Sbobbtary. 




APPENDIX IV. 
Obituary Notiobs. 

The Rbv. Frangis Rbdford, M.A., who was educated in the first instance 
for the medical profession, was ordained in 1848, and was for some tune a 
missionary in Trinidad. On returning to this country he was instituted to 
the living of St. Paul's, SiUoth, which he held tiU the time of his death. He 
led an unohtrusive life, and outside his parish was only known in connection 
with his meteorological observations and his Secretaryship to the Cumberland 
and Westmoreland Convalescent Institution. 

He watched with much interest the rise and progress of the new port of 
Silloth, and his meteorological observations proved of great service in bring- 
ing it into public favour as a health resort. He supplied his observations to 
the Carlisle Jourml regularly for about thurty years, without once missing a 
post or a train. In fact he was most methodical and punctual in all his 
arrangements. Failing health compelled him to give up work in the early 
part of the year, and his meteorological observations were discontinued at 
the end of June. He died on September 80th, in the seventy-second year 
of his age. He was also a Fellow of the Royal Society of Edmburgh. 

Cornelius Walford was bom in 1827, and was the eldest son of the late 
Mr. Cornelius Walford, of Witham, near Chehnsford. He was brought up to 
the legal profession, and served his articles m the office of Messrs. Pattisson, 
of Witham, where he was extensively engaged in the management of landed 
property. Whilst still a youth he organised a Building Society, which became 
the model and parent of other similar associations in the Eastern Counties. 
He also acted as a local insurance agent, and his experience in this business 
led to his becoming the inspector and organiser of several insurance com- 
panies in London. He was called to the bar as a member of the Middle 
Temple in 1860, and before long he came to be largely consulted as a 
legal adviser and an arbitrator in some of the most intricate and delicate 
cases arising out of the subject of insurance. He also took an active part in 
the direction of the Accident Insurance Company, and of many commercial 
companies. 

Ln 1871 he commenced his great work the Insurance Cyclopadia, which is 
still incomplete although it extends to several volumes. He was also the 
author of several other works and many statistical, papers. Mr. Walford, 
after an ilhiess of many months' duration, died on September 28th. 

He was a Follow of the Statistical and several other Societies. 
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APPEN- 

Abstbact of Receipts and Expendituke 



Receipts. 

£ 9, d, £ «. d. 

Balance from 1884 196 9 9 

Diyidends— M. S. and L. B. 4i Debentnre Stock, £800 .... 34 19 9 

Do. N. S. W. Stock, 4 per Cent., £600 19 7 6 

Do. New 3 per Cents., £200 5 16 3 



Subscriptions for 1881 2 10 

Do. 1882 2 10 

Do. 1883 3 

Do. 1884 24 

Do. 1885 636 9 

Do. 1886 27 

Entrance Fees 21 1 



Meteorological Office : — 

Copies of Weekly Returns 4 17 

Do. Monthly „ 100 

Do. Annual „ 2 10 

Grant towards Inspection Expenses ...••• 25 

Sale of Publications ...••• 

Excess for Author's Corrections 



60 3 6 



715 12 
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DIX V. 

FOB THE TeAB BNDINa DECEMBER 81ST, 1885. 



EXPENDITUBE. 

£ «. d. £ S. d. 
JoUTtuUf »<?•;— 

Printing No8. 53-56 187 3 6 

Illustrations 32 13 5 

Anthora* Copies 15 5 6 

Bfeteorologioal Beoord, Nos. 15-18 55 2 9 

Begistrar-Oeneral's Beport 8 8 



Drinting, dtc, : — 

General Printing 19 8 6 

List of Fellows 10 13 

Forms for Observations «.... 17 2 6 

Stationery U 8 10 

Books, Bookbinding and Map 86 1 6 

Assistant-Secretary 175 

Computers 153 8 

OlfU$ Eafpmuet :— 

Bent and Housekeeper •••••• 49 

Furniture and Bepairs 11 4 11 

Coals, Insuranoe, <lto 3 17 6 

Postage 44 8 10 

Pareels and Petty Expenses 7 13 4 

Befreshments at Meetings 13 6 1 

Intemationallnyentions Exhibition Expenses 25 3 

Subscription overpaid returned 1 1 

Solicitor's Expenses, Cheque Book, <tc 2 3 4 

Observations : — 

Inspection of Stations and Photography ^., 52 6 11 

Observers at Old Street and Beathwaite 7 2 

Instruments 1 12 G 



Balance: — 

At Bank of England 134 14 1 

In hands of the ABsistant-Becretaiy 20 13 2 



298 13 2 



97 14 4 



328 8 



157 18 



60 18 5 



Stock :^ 
Purchase of £31 13s. 4d. New 3 per Cents 3115 



975 6 11 



155 7 3 



£1130 14 2 

Examined and compared with the vouchers and found correct, 

J. S. HABDING, ) JuAii^. 

Xltk Jamary, 1886. H, SOW^BBY WAIUS. ] ^^»^'' 
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APPENDIX VI. 
List of Books Pubchasbd. 

Addison, W<^Meteorologieal Journal, 1833 to 1838 ; containing Observations 

made at Great Malvern, Worcestershire. (MS.) 
A General Chronological History of the Air, Weather, Seasons, 

Meteors, &c. Two vols. 8vo. (1749.) 
British AssociATiON.^Reports, 1838 to 1840. 8vo. (1839-41.) 
CoRNEUUS, C. S.— Meteorologie. 8vo. (1863.) 
Denison, Dr. C.-~Seasonal Cliniatic Map of the United States. Wall map. 

(1885.) 
Enctclopjedia Britannica. Ninth Edition. Vols. XVIII. and XIX. 4to. 

(1886.) 
Glaishbr, J., F.R.S.— Travels in the Air. 8vo. (1871.) 
Hicks, J. J.---Specification of Improvements in Chnical Thermometers. 4to. 

(1884.) 
International Inventions Exhibition, 1885.— Official Catalogue. Third 

Edition. 8vo. (1885.) 
Kamtz, Dr. L. F. — ^Vorlesungen iiber Meteorologie. 8vo. (1840.) 
L'Institut Metborolooique Danois et le Deutsche Seewarte.— Cartes 

Synoptiques Joumalidres du Temps, embrassant le Nord de TAtlantique, June 

1881 to Feb. 1882. FoUo. (1884.) 
Mbteorolooical Office. — Return of Storms for which no Warning was 

issued which have visited the British Islands between Jan. 1, 1874, and Dec. 31, 

1883. Foolscap Folio. (1884.) 
Murphy, P.— The Anatomy of the Seasons. 8vo. (1834.) 
Pearce, a. J.— The Weather Guide-Book. 8vo. (1864.) 
Prestel, Dr. M. A. F.— Der Sturmwamer und Wetteranzeiger. 8vo. (1870.) 
St. Alban, Viscount.— The Naturall and Experimentall History of Winds, &c. 

12mo. (16530 
Scott, R. H., F.R.S.— The Upper Air. 8vo. (1885.) 
Steinmetz, a. — Sunshine and Showers. 8vo. (1867.) 
Thb " Times " Register of Events in 1884. 8vo. (1885.) 
Whistlecraft, 0.— The Weather Almanac, 1859 to 1869. 8vo. (1858-68.) 
Year Book op the Scientific and Learned Societies of Great Britain 

and Ireland, 1885. 8vo. (1885.) 



APPENDIX Vn. 

Donations beoeivbd DURiNa thb Year 1885. 

Presented by Societies, Institations, &c. 

Adblaids, Obsbbvatobt. —Meteorological Observations made in South Australia and 
the Northern Territory during 1SS2. 

Adblaidb, Botal Booutt of South Aubtbalia.— Transactions and Proceedingi and 
Beport, Vol. Vn. lSS8-8i. 

Satavia, Obsbbvatobt. — ^Magnetical and Meteorologioal Observations, Vol. VL 1881- 
82.— Bainfall in the East Indian Arohipelago, 1884. 

Beblin, Dbutsohb Mbtbobolooisohb Gxsellbohafc.— Berliner Zweigverein, I8S5.— 
Bfeteorologisohe Zeitsohrift, Nov. 1884 to Nov. 1885. 

Bbbun, K5n. Statibtisohbn BuBEAU.^-Preussische Statistik, LXXXII. Ergebnisse 
der meteorologisehen Beobachtungen im Jahre 1884. 

BoKBAT, Oovsbnmxnt Obsbbvatobt.— Maguetical and Meteorological Observations, 
1883. 

Bbisbanb, Obnbbal Bioistbb Omcx.^Beport of Begistrar-General on Vital Statis- 
tics, 1884.— Beport on the Vital Statistics, Oct. 1884 to Sept. 1885. 

Bbisbanb, Botal Sooiett of Quebnsland.— Proceedings, Vol. I. parts 2 to 4, 1884. 

Bbussbls, AcADiioB BoTALB.«Annuaire, 1884 and IS85. Bulletin, 8me Serie, 
Tomes 6 to S, 1883^, 
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BBU88BLB, OBfiEBYAToiBE BoTAL.— Aiiniuuie, 1886— Bolleim MMorologiqae, Deo. 
1884 to Not. 1885. 

BuxHABBBT, Imbtitutul Mxtbobologzo al Bokanibi.— Baletinul ICinistenilai Agri< 
oultorei, Industriei. Comeroiulni si Domeniilor. Annul 1. 1886. Not. 1 to 7. 

Cazbo, Minutbbb OB l'Ihbtbugtxor Pdbuqub.— B68imi6 Bleosuel des Obaervatiom 
m^tteologiqnes fiites & I'ObflenrBloixe KhWvial da Cairo (Abbasiieh), Jan. 1884 to 
Sept. 1885. 

Cazbo, SociiTi Kh^dxvialb db Q&oobaprie.— Bnlletin, lie. Serie, Nos. 6 and 7. 

CaziCUtta, Metbobolooical Ofticb. — ^Indian Meteorological Memoirs, Vcd. IL Parts 
3 and 4.— Begisters of Original Observations reduced and corrected, May 1884 to May 
1886.~Beport on tbe Administration of the Meteorological Department oi the Gh>Tem- 
ment of India in 1883-84.— Beport on the Meteorology of India in 1882 and 1888. 

Calcutta, St. Xavieb's Collbob Obsbbtatobt.— Meteorological Obserrations, Jnly 
1884 to Jnne 1885. 

Capb Towk, Mbtbobolooical CoMMiBBioii.— Beport for the year 1884. 

Capb Town, South Afbican Fbiz<o8oprical Socxbtt.^— Transactions, YoL III. 1881-S. 

Chemnitz, Kuniol. Sachb. Metbobolooibobbh Instztutbb.— Dekadenbericht im 
Jahre 1884.— Jahrbuoh, 1884. 

ChBIBTIANIA, EoITINO CoMMITTBB, NoBWEOIAN NoBTB ATZiAMTIO EzPBDznoN, 1876- 

1878.— Zoology, Orostaoea, la. and lb., by O. 0. Sara.— Pennafcalida, by D. C. 
Danielssen and J. Koren.-»SpongiadiB, by Dr. G. A. Hansen. 

Chbibtiania, Nobweoisch Meteobolooibcheb Inbtitut. — Jahrbaoh fiir 1884. 

Copenhagen, Danbke MeteoboziOgibke Instztut.— Bnlletin M6t6orologiqae da Nord, 
Deo. 1884 to Nov. 1886.~Meteorologisk Aarbog, 1882, Parte 1 to 3, and 1883, Parte 1 
to 8. 

CoBDOBA, AcADEMiA Nacional DB CzEvcuB — ActBB, Tomo V. parte I and 2.— Boletin, 
Tomo YI. part 4, to Tomo YII. part 8. 

CoBDOBA, Ofzcina Mbteobol6oica Abobntzna.— Azutles, Tomo lY.— Informes An- 
nales y Doonmentos, 1885. 

Cbacow, K. K. Stebnwabtb.— Meteorologische Beobachtuzigen, Dec. 1884 to Get 
1886. 

Dobpat, Metboboloozbghb Obsbbtatobzums. — Anemometrisohe Scalen fflr Dorpat. 
Bin Beltrag zor Klimatologie Dorpats, Ton Prol K. Weihranoh. 

DuBZJN, Qbmebal Bbozbtsb OvncB. — Supplement to the Seventeenth Beport of the 
Begistrar-Qeneral of Births, Marriages and Deaths in Ireland, containizig deoennial 
summaries for the years 1871-1880.— Twenty-first detailed Annual Beport of the Begis- 
trar-Oeneral of Births, BCaniages and Deaths in Ireland, 1884.— Weakly Betums of 
Births and Deaths, Yd. XXI. No. 52, to Yol. XXH. No. 51. 

* DuBZJN, BoTAL DuBUN SoozETT.— Sdflntifio Pzoceedizigs, Yol. lY, (N.8.) Parte 5 and 
C— Scientific Transactions, Yol. III. (Series II.) Parts 4 to 6. 

DuBZjN, BoYAL Ibibh Aoadeht.— Prooeediugs ; Science, Ser. II. Yol. lY. Nos. 8 and 
4 ; Polite Literature and Antiquities, Ser. II. Yol. IL No. 6.— Todd Lecture Series, 
Yol. II. part 1 ; Irish Lexicography. By Prof. B. Atkizison.— TransaotionB ; Science, 
Yol. XXVm. Nos. 17 to 20. 

DuLwzoH CoZiLBOB SciBNOB SoczBTT. — Scvonth Azmual Beport, 1884-5. 

EnzKBimoB, Genbiul Beozsteb Offzob.— Quarterly Betums of the Births, Deaths 
and Marriages registered in Scotland for the quarters ending December 81st, 1884, 
and June 30th and Sept. 80th, 1885. 

Eoznbuboh, Soottzbh MbtboboziOozgal Soozett.— Journal, Third Series, No. 2. 

Fazjiouth, Botal CobnwaziL Polytbohnzo Soozett.—- Azmual Beporte, 1870 to 1878, 
1875 to 1879, and 1881. 

Fzuxb, I. B. AocADEMZA Dz Mabzna.— Mcteorological Observatiozis, Nov. 1884 to 
Oct. 1886. 

Geneva, Obsebvatozbe.— Bteuzn^ M6t5orologique de TAnnte 1884 pour Geneve et le 
Grand Saint- Bernard, Par E. Gautier et A. Kunmennann. 

Geneva, SocitTt de GiooBAPHZE.— Le Globe. Bulletin, Tomo lY., Nos. 1 and 2. 

GziAsoow, Phzlobophzcal Soozett. — Proceedizxgs, Yols. XY. and XYI. 

Gbebnwzch, Botal Obbebvatobt.— Blagnetical and Meteorological ObservatiouB, 
1888.— Beport of the Astronomer Boyal to the Board of Yisltors, June 6, 1885. 

HaZiZjE, Kazbbbzjchb Lbopoldzno-Cabolznzschb Dbutbohb AwAn»ifT» DEB Natub- 
FOBBCHEB.— fieicrag zur Frage der Bednotion von Barometerstftnden auf ein anderes 
Niveau. Yon Dr. P. Schreiber.— Bestimmung der Masse des Planeten Jupiter ana 
Heliometer.— Beobachtungen der Abstfinde seiner Satelliten. Yon Dr. W. Sohur.— 
Leopoldina, XX. 1884. 

Haxbubg, Deutsche Sebwabtb.- Aus dem Arohiv, 1882 and 1888.«Meteorologiiehe 
Beobachtungen in Deutschland, 1882.— MonatUche Uebersicht der Witterung, Maroh 
1884 to Feb. 1886.— Wetterbericht, 1886. 

Hamilton Abbocutzon.— Journal and Proceedings, 1882-88. YoL I. part 1. 

QoHosoNQ, Obsibvatobt. ^Aunual Beport of the Qovenmwnt Astronomer for 1884,-- 
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Annual Weather Report for 1884.— FiTe-Day Means of the Principal Meteorological 
Elements for 1884.— Lunar Transits across ttie Meridian of Hongkong.— Observations 
and Researches made at the Hongkong Observatory in the year 1884. By W. Doberok. 
—On the Height of Yictoria Peak.— On the ProgressiTe Motion of Typhoons in 1884.— 
Weather Report, July 1884 to April 1885. 

Iowa, Wbathxb Ssbtics.— First to Third Biennial Reports of the Central Station.— 
Reports, 1878, 1879, 1881 and 1882. 

&XW Obsbbtatobt.- Report of the Kew Ckmmiittee for the year ending October 81, 
1884.— The History of the Kew Observatory. By Robert H. Scott, F.R.S. 

Lbor, Obsbbvatobio dbl Oolboio.— Resninen General de las Observaoiones Meteoro- 
logicas, 1884. 

Lisbon, Obsebvatobio do Ixvantb D. Lniz.— Annaes. Observances doe Poetos 
Meteorologioos, 1881 and 1888.— Annaes. Yigesimo Octavo Anno. 1882, Volume XX. 

Ltbbom, SoonsDADB ns Gbogbaphia. — ^Boletim, 4a Serie, Nob. 10 to 12.— 6a Serie, 
No8. 1 to 5.— Resposta & Sociedade Anti-Esdavista de Londres, por J. A. C Real— 
Subsidies para a Historia do jomalismo nas Provincias UltramaTlnas Pcrtuguexas pelo 
Bocio Brito Aranha. 

LivBBPooLy LiTBBABY AND PHILOSOPHICAL SooEBTT.— Proceedings, Vol. XXXYIII. 
1888-4. 

London, Bbitibh Absooution.— Report, 1884. 

London, Colonial Offiob. — First Annual Report of the Oovemment Astronomer, 
Hon^ong Observatory, for 1884.— Observations and Researches made at the Hongkong 
Observatory in the year 1884. By W. Boberck. 

London, Genebal Rboibtbb Oriob. — ^Annual Summary of Births, Deaths, and 
Causes of Beath in London, and other great towns, 1884. — Quarterly Returns of 
Marriages, Births, and Deaths, for the four quarters ending Sept. 30, 1885.— Weekly 
Returns of Births and Deaths, Vol. XLY. No. 52 to Vol. XLVI. No. 51. 

London, Gbolooical Sogibtt.— Quarterly Journal, Nos. 161 to 164. 

London, Institution of Civil Rnoinbbbs. — ^Physionaphy. By Dr. J. Evans, F3.S. 

London, iNSTrruTioN or Mechanical Enoineebs.— Proceedings, 1885, No. 2. 

London. Intebnational Health Exhibition.— Health Exhibition Literature, Yols. 
XVn. to XIX. 

London, Mbteobolooioal OmoB.— Abstract of the Weather at Penzance for the vear 
1888. By W. H. Richards.— Annual Report of the Royal Cornwall Polytechnic Society, 
1884.— Bulletin quotidien de TAlg^rie, Nov. 16, 1884, to Jan. 15, Feb. 16 to May 15, and 
June 16 to Nov. 80, 1885.— Contributions to our knowledge of the Meteorology of the 
Arctic Regions, Part lY.- Daily Weather Reports, 1885.— Ergebnissse der an den 
meteorologischen Stationen des Grossherzogthums Baden, 1882-88.— Hourly Readings, 
Oct. 1882 to June 1888.— Blagnetic Observations taken at Kazan during the year 1888. — 
Mauritius Meteorological Results, 1881 and 1888.— Meteorological Observations at 
Stations of the Second Order for the year 1880.— Meteorologioal Observations made at 
Southport, August 28, 1884, to Dec. 4, 1885.— Meteorology of Ceylon for 1884.— Monthly 
Weather Report, Oct. 1884 to July 1885.— New York SUte Library, 65th Annual 
Report, 1882.— Observaeiones Meteorologioas hechas en el Observatorio Astronomico 
de Santiago, 1878 to 1881.— On the Impurities in London Air. By Dr. W. J. Russell, 
F.R.S.— Osservazioni Meteorologiche iaMe in Alessandria alia Speoola del Seminario, 
1879 to 1882.— Papers and Proceedings of the Royal Society of Tasmania for 1884.— 
Principles of Forecasting by means of Weather Charts. By the Hon. R. Aberoromby.— 
Quarterly Weather Report, 1877. Parts 1 to 8.— Report of the Bfeteorological Council to 
the Bo?al Society for the year ending 81st March, 1884.— Report on Wind Ydooities at the 
Lake drib and at Chicago.— Researches on Solar Heat and its absorption l^ the Earth*s 
Atmosphere. A Report d the Mount Whitn^ Expedition. By S. P. Langley. — Service 
Central M6t^orologique de 1* Algdrie. Bulletin Mensuel, Nos. 1 and 2. — Temperature Chart 
of the United States. Constructed by C. A. Schott— Temperature of the Atmosphere and 
Earth's Surface. By Pro! W. Ferrel.— The Elements of the Heliograph.— The relation 
between Northers and Magnetic Disturbances at Havana, Cuba. By Sorgt G. E. 
Curtis.— The special characteristics of Tornadoes, with practical directions for the 
protection of life and property.— The study of Meteorology in the higher schools of 
Germany, Switzerland, and Austria.— Yariation of Rainfall west of the Mississippi 
River.— Weekly Weather Report. New Series, YoL L No. 51 to Yol. H. No. 51.— 
Western Australia. Meteorological Report for the year 1888. 

LoHDOR, Rotal Aobicultubal SooiETT.— Journal, Second Series, YoL XXI. — General 
Index to the Second Series of the Journal, Yols. XL to XX. 

London, Rotal Astbonomioal Societt.— Memoirs, Yol. XLYHI. Part 2.— Monthly 
Notices, Yol. XLY. No. 2 to Yol. XLYI. No. I. 

London, Rotal Botanic Socibtt.— Quarterly Record, Nos. 20 to 28. 

London, Rotal iNSTnunoN of Gbbat Bbitain.— Proceedings, No. 78. 

London, Rotal Socibtt. — Proceedings, Nos. 284 to 289. 

London, Rotal United Sebvioe Institution.— Journal, No. 129, 
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LoNDOH, SoozETY OF Abts.— Jonni&l, No8. 1676 to 1727. 

LoaDOH, SoGiETT OF TEucaBAFH Enoinsebs & Electsiciamb.— Joiuiial, N08. 54 to 58, 

LoHDON, WESTMiMgTSBFBEE PuBuc LiBBABT. — ^Twenty-eighth Azmnal Beport, 1884-85. 

Lyon, Obsbbvatoibe.— Annales, fremidre S6rie, M6t6orologie. Tome f. Fasdcule 
n. 1878-79-80. — Note snr les Oscillations Barom6trique8 prodoltes par Tgraption da 
KrakatOA. Par C. Andr6. 

Madbab, OoYEBinfENT Obsebyatobt. — Magnetical Obsenrations made at the Hon. 
East India Company's Obsenratory at Madras, 1851-55.— Magnetical Observations made 
at the Hon. East India Company's Observatory at Singapore, 1841-45.—- Telegraphic 
Determinations of the difference of longitude between &araohi, Avanashi, Boorkee, 
Pondicherry, Colombo, Jaffna, Mnddapor and Singapore, and the Government Obser- 
vatory, Madras. 

Madbid, Obbbbvatobio. — Annario, Ano XYIH. 1880. — Observadones Meteorol^oas, 
1879 to 1881. — ^Bestbnen de las Observaoiones Meteorol6gicaB de Provinoias, 1876 to 
1880, and 1882. 

Madbid, SodSDAi) GEOOBAncA.— Boletin, Tomo XVn. No. 4 to Tomo XIX. No. 4. 

Maodbbubg, Wettebwabte deb Maodebuboisohen Zbitukos. — ^Das Wetter, April, 
May, Jnly, August, and Oct. 1884 to Deo. 1885. 

Manohesteb, Litebaby and PhUiOsophicai. Sooibty.— Memoirs, Third Series, Vol. 
VIII.— Proceedings, Vols. XXIIL and XXIV. 

BfABLBOBOuoH CoLLEOB Natubal Hibtoby Socibty.— Boport for 1884. — ^Besults of 
Twenty Years* Observations on Botany, Entomology, Ornithology and Meteorology, taken 
at Marlborough College, 1865-1884. 

MAUBiTins, BoYAL Alfbbd Obsebvatoby. — ^Annual Report of the Director, 1883. — 
The Mortality from Malarial Fever compared with the Bainfall, Temperature and Bela- 
tive Humidity for the period 1871 to 1883, and for the year 1883. 

Melboubne, Obbebvatoby. — ^Monthly Becords of Besults of Observations in Meteoro- 
logy, Terrestrial Magnetism, etc. Sept. 1884 to June 1885. 

Melboubne, Patent Offiob. — Indexes of Patents and Patentees for the years 1878 
and 1879. 

Melboubne, Boyal Society of Viotobu. — Transaotions and Proceedings, Vol. XXI. 

Metz, AcADtHiE. — Observations M6tterologiques faites &Metz pendant Tann^ 1880, 
par M. Schuster. 

Mexico, Minibtebio de Fohbnto.— Boletin, Tomo IX. No. 65 to Tomo X. No. 86, and 
Tomo X. Nos. 43-97. 

Mexico, Obsebvatobio ABTBONdmoo NAaoNAL BE Tacubaya.— Anuario para el aiio 
de 1886. 

MiCHioAN, State Boabd of Health.— Co-operation of Citizens in preventing the 
Spread of Disease, by Bev. W. Masker.^Meteorological Beport from Observations made 
at the State Capitol, Lansing, Dec. 14, 1884, to Dec. 12, 1885.— Michigan Crop Bm>ort, 
Dec. 1884 to Nov. 1885.~Proceeding8 and Addresses at Sanitary Conventions held at 
Hillsdale, East Saginaw, and Lansing.— The Public Health Service of Michigan, by 
Hon. Dr. J. Avery. 

Milan, B. Ossebvatobio di Bbeba. — Osservazioni Meteorologiohe eseguite nell' anno 
1884.— Sni Temporal! Osservati nell' Italia Superiore durante 1' anno 1879. Belazione 
di E. Pini.— Teoria degli Stromenti Ottid con applioazioni ai Telesoopi ed alia Foto- 
grafia Celeste. Del Dr. L. Billotti. 

MoNOAUEBi, Obsebvatobio B. C. Cablo Albbbto. — Observatorio Meteorol6gioo Central 
del Colegio Pio de Villa Colon (Montevideo). Besumen de las observaoiones meteoro- 
16gioaB praotioadaa en el ano 1883-84. 

MoNTBEAL, Geological Subvey of Canada.— Beport of Progress, 1882-88-84. 

Moscow, LANPWiBTBsoaAXTLicHE AxASEMiE. — ^MetcoiologiBohe Beobaohtungen aus- 
gefOhrt am meteorologischen Observatorium, 1884. 

Munich, K. B. Mbteobolooisohb Cemtbal Station. — ^Beobaohtungen der meteorolo« 
gischen Stationen im Kon. Bayem, Heft 3, 1884, to Heft 2, 1885.— Uebersicht fiber die 
Witterungsverhaltnisse im Eon. Bayem, Nov. 1884 to Nov. 1885. 

Munich, E. Steenwabte.— Meteorologisohe und magnetisohe Beobachtungen. 1884. 

Natal, Obbebvatoby. — Beport of the Superintendent for 1884. 

Newhaven, Oonnbctiout Agadehy of Abts AMD SoiENOEB. — TransaotioiiB, Vol VI. 
Part 2. 

New Yobs, Centbal Pabx Obbebvatoby.— Abstracts of Begisters from Self-Beoording 
Instruments, Dec. 1884 to Nov. 1885. 

OxFOBD, Badclivfe Obsebvatoby.— Results of Meteorological Observations, 1882. 

Pabib, Aoauemy of Scienobb.— Mission Scientifique du Cap Horn. 1882-1883. 
Tome n. M6t6orologie. Par Lieut. J. Lephay. 

Pabib, Bubeau Centbal M£t£obolooique de Fbakoe.— Annales ; 1881, part 2; 1882, 
parts 1, 3 and 4. — ^Bulletin International, 1885. — Instructions M6t6orologiques. 
Deuxidme Edition, Bapport du ComiU} M6t6orologique International, B^union de 
Copenhagae, 188^. 
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Pabis, Ihtbbnational Metsobolooigal Cokmxttse.— Bappcni snr remploTment to 
obfleryations des cirmB poor lea prgvisions joomalidres da temps, par Capt. J. 0. de 
Brito Capello, Dr. H. H. HildebraDdsson, et Key. W. G. Lqj. 

Paris, Soci£t£ M&TioROLoaiQUE db Fbamce.— Annnaire, Dee. 1882, and May 1884 to 
Feb. 1886. 

Pbiladblphu, Aubrican Philo80phioai« Societt.— Proeeedings, Nos. 116 to 120. — 
Register of Papers published in the Transactions and Proceedings. 

PoLA, K. K. Htdboobaphibchbs AicT.^Meteorologische und magnetisohe Beobaoh- 
tangen, Jan. to Noy. 1886. 

Pbaoue, E. K. Stebnwabte.— Magnetisohe nnd meteorologisohe Beobaohtnngen im 
Jabre 1884. 

pRoyiDEMCE, R. I., New Ehgland Meteobological Societt.— BoUetin, Nos. 1 to 18. 

St. Petebsbubo, Phtsikalischbs Cshtbai. OBSEByATOBiuM. — ^Annalen, 1883. 

San Fernando, Instituto t OBSEByATosio ni Mabzna.— Anales. Seooion 2a« Ob- 
seryaciones Meteorol6gicas, 1883 and 1884. 

Stockholm, K. SyBNssA YETENsxAfB Axadbmie.— Obeeryationi M6t6orologiqife8 
Su^doises, 1878 and 1879. 

Stonyhubst Colleoe OBSERyATORY.— Results of Meteorologioal and Magnetioal Ob- 
servations, 1884. 

Sydney, Government Observatory.— Results of Rain and River Observations made 
in New South Wales daring 1884. 

Sydney, Royal Society of New South Wales.— Journal and Prooeedings. Vol. 
XVm. 1884. 

Titus, Physixalisohbn Obsebvatobium.— Beobaohtnngen der Temperatur des Erd- 
bodens, 1881 to 1883.— Magnetische Beobaohtungen, 1883.— Meteorologisobe Beobach- 
tungen, 1883 and 1884. 

ToKio, Imfebial Meteobological Obsebvaioby.- Monthly Summaries and Monthly 
Means for the year 1884. 

Toxio, Univibsity. — ^Measurement of the Force of Oravity and Magnetic Constants 
at Ogasawarajima (Bonin Island). Reported by A. Tanakadate. —Measurement of the 
Force of Gravity at Naha (Okinawa) and Kagoshima. By S. Sakai and B. Yamagnchi. 

ToBiNo, OssEBVATOBio AsTBONOMioo DELL* UNivBBSiTi. — Effcmerldi del Sole, della 
Luna e dei principal! Pianeti calookte per Torino per 1* anno 1886. Dall Prof. A. 
Charrier.— Osservazioni dell* Eoollssa Totale di Luna del 4-5 Ottobre 1884. Nota di 
A. Doma. 

ToBiNo, SocibtX Metbobolooiga Italiana.— BoUettino Decadico, pubblicato per oura 
dell' Osservatorio Centrale del Real Collegio Carlo Alberto in Moncalieri, Feb. 1884 to 
March 1886.— BoUettino Mensuale, Serie n. Vol. IV. No. 4 to Vol. V. No. 8.— Istru- 
Eioni per le osservazioni della Luoe Zodiacale in Italia. Del P. A. Serpieri. — ^Istru- 
zloni per le osservazioni delle Correnti Terrestri. Del Prof. I. Galli.— Istmzioni per 
le osservazioni Meteorologiche e per 1* Altimetria Barometrica, del P. F. Denza.— Is- 
tmzioni per le osservazioni sul Mare e suUe Brezze. Del Prof. G. Roberto.- L' Astro- 
nomia la Fisica Terrestre e la Meteorologia alia. Esposizione Generale Italiana in 
Torino 1884.— Material! per 1* Altimetria Italiana, Faseioolos 1 and 2.— Studi sui 
Barometri NormiUi dell* Osservatorio Centrale di Moncalieri. Nota seoonda. Del 
P. F. Denza. 

ToBONTo, Maonbtio Obsebvatoby.- General MeteorologicallRegister for the year 1884. 

Tobonto, Mbtbobolooioal Omos.— Monthly Weather Bsview, Nov. 1884 to Nov. 
1885. 

Upsala, Obsebvatoibe db L'UNivBBSiTi.— Bulletin M6ttoologique Mensuel, 1884. 

Utbbcht, K. Nedeblandsch Mbtbobolooisch IvsTiTuirr.— Nederlandsch Meteoro- 
logisch Jaarboek voor 1884. 

Vienna, E. K. Cbmtbalanstalt FdB Mbtbobolooib und Ebdmaonbt^mus,— Beobaeh- 
tungen, Nov. 1884 to Oct. 1885.— Jahrbuoh, 1883. 

Vienna, Oestebbeiohischb Gesbllbchaet vOb Mbtbobolooib.— Zeitsohrift, 1885. 

Washinoton, Smithsonian Institution. — Annual Report of the Board of Regents, 
1883.— Meteorological and Physical Tables, by Prof. A. Gnyot. Fourth Edition. 

Washinoton, if. S. Geolooical Subvey.— fourth Annual Report, 1882 to 1883. 

Washinoton, Wab Dbpabtmbnt.— Monthly Weather Reriew, Nov. 1884 to Sept. 1885. 

Watfobd, Hebtfobdshibb Natubal Hibtobt Society. — Transactions, Vol. III. parts 
3 to 6. 

Wellinoton Colleoe, Natubal Science Society.— Annual Report, 1884. 

Wbllinoton, Reoibtbab-Gbnebal*6 Office. — Statistics of the Colony of New Zealand 
for the year 1883. 

Wisconsin, Univebsity.- Agricultural Experiment Station. Bulletin, Nos. 5 and 7. 
-Second Annual Report of the Agricultural Experiment Station for the year 1884. 

YoBK, YoBKSBiBB PHILOSOPHICAL SOCIETY.— Aiinual Bcport lor 1884. 

Zi-Ka-Wei, ObrbrvatoireMaon^tique bt MiETioBOLOoiQUE.— Bulletin Mensuel, Nov. 
1883 to Jan. 188.5.— Mouvements des Couches Slevtes de TAtmosphere, i Zi-Ka-Wei, 
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d^terminfifl par la direction des Cirri. Par P. M. Deohevrens.— The Typhoona of 1882 
Part n. Typhoons in September and October. By B. F. Mara Dechevrens. 
ZuiaoH, SoHwuzBBisGBB Mhtbobolooisohs Obntjluli Anstalt.— Annalen, 1883. 



Presented by Individaab. 

AmsN. J.— Bfeteordogioal Table for the Tear 1884. Compiled from obflerrations 
taken at Braemar, Aberdeenshire. 

AiiDBiDos, E. G.— First Annual Beport on the Health of the Bnral Sanitary District 
of the Isle of Wight. By J. Groves. 

Bakeb, Db. H. B.— Typhoid Fever and low water in wells. 

Ballou, Db. N. £.— A condensed Statement of Meteorological ObservationB made at 
S^wich, Illinois, 1852-84. 

BniToir, J. B.— Bamfall, &c. at Blackrock, near Cork, Deo. 1884 to Nov. 1885. (MS.) 

Blaxb, C. C— The Future ; a calculation of coming weather through astronomical 
mathematics. Vol. I. Nos. 1 and 2. 

Cambboh, Db. J. S.— Annual Beport of the Medical Officer of Health for Huddersfield, 
1884. 

Clabx, J. E.— The Natural History Journal and School Beporter, Nos. 78 to 81. 

CovBNTBT, F. — Meteorological Observations taken at Eetton Hall, near Stamford, 
Butland, Dec. 28, 1884, to Nov. 28 and Dec. 6 to 26, 1885. 

Cbawvobd and Balcabbbs, Eabl of.— Dun Echt Observatory Publications, Vol. IH. 
Mauritius Expedition, 1874, Division II. 

Dbnza, p. F.— Le Aurore Polari in Italia nell* anno 1882 (April 16-17 and 19-20). 
—Sulla Yaiiazione della Temperatura Seoondo 1* Altezza. 

DoBBLL, Db. H.— The Medical Aspects of Bournemouth and its surroundings. 

Dobbbok, Dr. W.-~Markree Observatory. 

DoBBiMO, Db. O. — Algunas Observadones Meteorol6gica8 praoticadas en el ano 1882 
en 06rdoba (Bepiiblica Argentina).— La Presion Atmosf^rica de C6rdoba de Media en 
Media Hora. — Medicion Barom6trica de alfnmas alturas de la Sierra de C6rdoba.— > 
Observaciones Meteorol6gioas heohas en Mil Nogales (C6rdoba).— Observations M6t6oro- 
logiquesfaites & C6rdoba pendant Tannte 1883.— Sobre la convenienoia de fundar en la 
Kepfiblioa Argentina un Observatorio Magn^tico con asiento en la Giudad de C6rdoba. 

DoMGASTBB, D. — ^Diagrams showing mean monthly pressure, rainfall and temperature 
at BroomhaU Park, Sheffield, 1884. 

DoTLB, P. — Paper-making in India. 

Dbakb, LnuT. H. D. — Charts of Barometer and Thermometer Beadings, Oct. to Dec. 
1884, taken on a voyage between Sydney and New Guinea. (MS.) 

Easbze, W. — ^Beports of the Commissioners appointed to inquire into the nature and 
extent of the several Bogs in Ireland, and the practicability of draining and cultivating 
them. (1812.14.) 

Fox, W. L.— Tables of Sea Temperatuie, Bright Sunshine and Climate at Falmouth 
fbr the year 1884. 

Fbaxois, Sttbgbok-Majob C. B. — Meteorological Phenomena in India. 

Gaxblb, J. G.--Catalogue of Printed Books and Papers relating to South Africa, 
Part n. Climate and Meteorology. — Climate of Cape Colony. 

Gltdb, £. E.— Abstract of Meteorological Observations made at Babbacombe, Torquay, 
during the year 1884.— Meteorological Summaries for July 1884, and Nov. 1884 to Oct. 
1885. 

GoTJLD, Db. B. A.— Addresses at the Complimentary Dinner to Dr. B. A. Gould. 

Gbbbrwooo, W. N.— Local Tide Table for Glasson Dock and Lancaster, on the river 
Lune, 1886. 

HaziL, M. — Jamaica Bainfall for the years 1882, 1888 and 1884.— Jamaica Weather 
Beport, Oct. 1884 to BCaroh and July to Oct. 1885. 

Hanxihbok, B. C— Weather at Bed Lodge, Southampton, Deo. 1884 to May 1886. 
(MS.) 

Haitk, Db. J.— Berieht uber die Fortschritte der geographischen Meteorologie.— Die 
TemperaturverhfUtnisse der 5sterreichisohen Alpenl&nder. 

Habvbt, Bbv. C. W. — Meteorological Observations taken at Throcking, Herts, during 
the year 1888.— Bainfall in Herts. Jan. to Aug. 1885.— Beport on the Bainfall in 
Hertfordshire in 1888. 

Hill, S.A. — On observations of Temperature and Humidity at a height of forty feet 
above the ground at Alipore Observatory, Calcutta. On observations of the Solar 
Thennometer at Lucknow. 

HovFXAVH, Db. H.— Phandlogische Beobaohtungen, 1884-5.— Besultate der wichtig- 
sten pflanzenphanologischen Beobachtungen in Europa. 

HorsmsoM, J.— Meteorological observations taken at Wansford House, Watford, 
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dmringthe ydan 1888 and 1884.— Report on Phenologioal Phenomena obienred in 
Hertfordshire daring the years 1883 and 1884. ' 

HuRTBB, J., JnNB.~Weekly Summaries of Meteorological Observations made at 
Belper, 1885. 

Jackson, W. S. — Meteorological Observations taken at Erenkeny, Constantinople, 
Jnne 1 to Deo. 20, 1886. (MS.) 

EixsBLiNa, Pbof. J.— Beobacntungen des rothen Sonnenringes.— Die Danmierungs- 
ersoheinnngen im Jahre 1883 and ihre physikalische Erklarong. — Zar Erklarong der 
ringformigen Gegen-Dammerung. 

Langastbb, A.—DiscQssion des Observations d'Orages faitesen Belgique pendant 
l'ann6e 1879. 

LiuoExoN, J. E.— Segelhandbuch f tir den Atlantischen Ozean.— Theory of the Winds, 
by Gapt. C. Wilkes. 

Lbe, G. J.— Meteorological Observations taken at Eimberley, Sooth Africa, Dec 1, 
1884 to Nov. 30, 1885. (MS.) 

Lewis, A. L.— Jonmal of weather and Diseases at Ohiohester, Oct. 1770 to May 
1772. (MS.) 

LooMis, Pbof. £.— Gontribntions to Meteorology. Bevised Edition, Chapter I. 

Low, S., JuHB.— Sanitary Suggestions. 

Luvmi, Pbof. J.— Sept Etades sor, 1. L'6tat spheroidal; 2. Les explosions des 
machines & vapear; 3. Les trombes; 4. La grdle; 5. L*61ectrioit6 atmosphdriqne ; 6. 
La refraction laterale ; 7. L*adh68ion entre les liqoides et les solides. 

Mabbiott, W.— Some Occasional Winds and their Inflaence on Health. 

Mawlbt, E.-^The Bosarian's Year-Book for 1885.— The Weather of Nov. and Dec. 
1884. Meteorological Observations taken at Croydon. 

MgLanosbobough, J., AND Pbeston, a. E. — Meteorology of Bradford for 1884. 

MoLbod, H., F.B.S.— Preliminary Notice of a new Snnshine-Becorder. 

Mbbcbb, B. M. — Meteorological Observations with some Agrienltoral Notes as made 
by observers at certain stations in Kent daring the year 1884. (MS.) 

Mbbbifibld, Db. J. — Meteorological Sammary for the year 1884 at Plymouth. 

MxLLEB, S. H.— The Shipwrecked Mariner, Vols. XXX. and XXXI. 1883-4. 

Newlands, J. A. B.— The Periodic Law. 

NicoL, Db. J. — The Climate of Llandudno. 

Peek, C. E. --Meteorological Observations for the year 1884 at Bousdon Observatoiy, 
Devonshire. 

Pbbioal, H.— Figures des Barom^tres et Thermom^tres le plus Cel6bres. (MS.) 

Philips, J. C. — Traces from Self-recording Aneroid Barometer at the Heath House, 
Tean, 1885. 

PooBOE, Miss E. L— Administration Beport of the Meteorological Beporter to the 
Government of Madras for the year 1884-85. 

Pbestok, a. W.— Meteorological Notes, 1884. 

Pbeston, Bbv. T. A.— Wiltshire Bainfall, Dec. 1884 to Nov. 1885. 

Pbincb, C. L. — Observations upon the Drought and Temperature of the past Bum- 
mer (1885).— Observations upon the Topography and Climate of Growborongh Hill, 
Sussex. — The Summary of a Meteorological Journal kept at Growborongh, Sussex, 1884. 

Kaoona, Fbop. D.— Sui Clima di Assab. 

Baksat, A.— Phenological Stations. — The (Hmer and Science Beoorders* Journal, 
Nos. 1 to 3. 

Bicod, Pbof. A.— Biassunto delle Osservazioni dei Grepusooli Bossi. 

Biooenbach, a.— Zum Elima der Goldkuste. 

BiNOWooD, A. — The Law of Storms. 

BooKE, Db. G. — ^The handy Pocket-guide to Health and Health-restoring Places. 

Both, H. L. — Climate of New Soutii Wales, by H. C. Bussell. — Die physikalisohen 
Einwirkungen des Waldes auf Luft und Boden und seine klimatologuohe und hy- 
gienische Bedeutung, von Dr. E. Ebermayer.— Hints for Invalids and Travellers, with 
observations on the Climate of Luxor and Egypt, by T. E. Madean.— Instructions for 
Meteorological Observations in the Colony of New South Wales, by H. C. BusselL — 
Minutes of Proceedings of Intercolonial Meteorological Conference held at Melbourne 
on April, 1881. — Mountain Barometer Tables, by W. Oravatt. — MS. Meteorologioal 
Beg^ter of Observations made at Mackay, Queensland, 1876 to 1880.— Quantity of 
Water consumed in Irrigation, by W. W. Culcheth.— Betum of Bainfall in Ceylon 
daring 1880.— -The Mackay (Queensland) Sugar Crop as affected by the weather and 
want of labour. — Ueber Bedeutung und Yertretung der Land und ForstwirthsohaftUchen 
Meteorologie, von Dr. J. B. Lorens.— Also several other books. 

Buoo, W. S.— Meteorological Observations made at Lagos and Biver Niger, West 
Coast of Africa, from 1880 to 1884. (MS.) 

Schick, Capt. A.— Beitrag zur Kenntniss der GesohwindigkeitsmeBsnng auf See. 

Shabpb, D. B.— Essex Bainfall, Aug. 1882 to June 1885. 

SuNMEB, Db. p. 8.— The Soienoe of Change of Air, 
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Slaox, F.— Meteorological Observations for 188i taken at Beckford, Tewkesbury. 

Smblue, T. D. — Ocean and Air Currenta. 

Smith, B. Woodd.— A Becord of Weather kept at Biehmond, Surrey, from 1718 to 
1745, by George Smith. (MS.) 

Smtth, G. Puzzi.-^n Brewster's Line Y, in the infra Bed of the Solar Spectram. 

Stmons, G. J., F.B.S.— A description of the nature, oonstmotion, and use of the 
Torricellian, or Simple Barometer, by B. Martin. — British Bainfall, 1884.— Description of 
Instruments designed for extending and improving Meteorological Observations, 1^ J. 
Leslie.— Des Mouvements de TAtmosphdre, par M. le Centre- Amiral Bourgois. — 
Dialog dell Cose Meceorologiche, di D. Y. Zuccolo.— Diffioiles Nugie : or Observations 
touchmg the Torricellian experiment, by Sr. M. Hales.—Essais sur la Construction et 
Comparaison dee Thermom^tres. Traduit de TAnglois, du Dr. Martine.— Historisch- 
Kritisohe Uebersicht liber die Hageltheorien, von C. Waehner. — J. B. du Hamel. De 
Meteoris et Fossilibus.— Meteorological fiegisters kept at Boekleton, Tenbury, 1816 
to 1858(MS.).— MeteorologicalBegisterskeptat Dunmow, Essex, July 1851 to June 1868. 

SIS.).— Meteorological Begisters kept at Pool Cottage, Hereford, 1821 to 1842. (M8.).— 
eteorologieal Begisters kept at Beading Atheneum, Aug. 1881 to Deo. 1841, 1847 to 
1849 and 1853-4. (MS.)— Meteorologicd Begisters kept at Somers Town, 1783 to 1786 
and 1800 to 1S42. (MS.).— Meteorological Begisters kept at Stroud, Jan. 1775 to March 
1813. (MS.).— M6t6orologie et Ph6nom6nologie de TAttique.— On the Atmospheric Tides 
and Meteorology of Dnkhun, by Lieut.-Col. W. H. Sykes, F.B.S. — Symons's Monthly 
Meteorological Magazine, 1885.— The Atmospheric Becorder, by 6. Dollond. — ^Th6orie 
math6matique des Oscillations du Baromdtre et recherche de la loi de la variation 
moyenne de la temperature avec la latitude, par B. Liais.— Trait6 Bl^mentaire de 
M6t6orologie, par M. C. Bailly de Merlieux. — Ueber die AusdCLastung, und ihre Wirk- 
nngen in der Atmosphare, von M. Hube.— Also about ninety books and pamphlets ; 
and fifteen MS. Meteorologioal Begiaters kept at various places in Great Britain. 
Tabbottom, M. O.— Meteorological Observations taken at Nottingham, 1884. 
Taylor & Francis, Messrs.— Taylor's Calendar of the Meeting of the Scientific 
Bodies in London for 1885-6. 

TsissERBNc DE BoBT, L.— Etudc sur la position des Grands Centres d* Action de 
TAtmosphdre au printemps, mois de Mars. 
The Editor.-* Ciel et Terre,* Yol. Y. Nos. 21 to 24. Deuxidme S^rie, Yol. I. Nos. 1 
to 20. 
„ * Nature,' Nos. 792 to 848. 

„ * Science,' Nos. 98 to 150. 

„ * The American Meteorological Journal,' Yol. I. Nos. 2 to 4 and 9 to 12, 

Yol. XL Nos. 1 to 7. 
„ *The Illustrated Science Monthly,* Yol. III. Nos. 2 to 4 and 7 to 9, 

and Yol. IV. No. 3. 
„ • The Sanitary Engineer,' Yol. XI. No. 4 to Yol. XIII. No. 2. 

„ * The Telegraphic Journal and Electrical Boview,' Nos. 371 to 422. 

Thompson, B.^On Swallow-Holes and Dumb Wells.— The Water Supply of the Town 
(Northampton). 
TiscHMBB, A.— The fixed Idea of Astronomical Theory. 

Todd, Paor. D. P.— Observations of the Transit of Yenus, 1882, made at the Lick 
Observatory, Mount Hamilton, California. 

Tripe, Dr. J. W.— On Small Pox Hospitals.- Beport on the Sanitary Condition of 
the Hackney District for the year 1884. 
Tripp, W. B.— The Biver Buffalo. 
Ttrer, B.— The Meteorology of Cheltenham, 1884. 

Walker, A. 0. — Climatic Causes affecting the distribution of Lepidoptera in Great 
Britain. 

Whitley, N. — ^Besults of the Meteorological Observations made at the Boyal Insti- 
tution of Cornwall, Truro, 1840-81. By Dr. C. Barham. 
Wise, Dr. A. T.— Alpine Winter in its medical aspects. 

WoEixoF, Dr. A— Die Begenverhaltnlsse des malayischen Archipel.— Flusse und 
Landseen als Produkte des Xlima's.- Temperatoranderung mit der H5he in Berglandem 
und in der freien Atmosphiire. 

Wraooe, C. L.— Meteorological Observations made at Torrens Observatory, South 
Australia, during July 1885. (MS.) 

Wriobt, p.— Bainfall, Temperature, and Sunshine in Montgomeryshire, during ten 
years endiog 1884. 

APPENDIX VIII. 
Repobts of Obsertatories, &c. 
The Mbteoroi>ooical Office.— Lieut.-Gen. R. Strachey, R.E., C.S.I., P.R.S., 
Chairman of Council ; Robert H. Scott^ M.A., F.R.i?., Kdecretary ; Captain H. 



Digitized by 



Googk 



RBS^Itt OF THE GdUNCIL — ^API^ENDIX VIH. 95 

Toynbee, F.R.A.S., Marine Superintendent ; Nav. Lieut.. C.W. Baillie, P.R.A.S., 
Assistant Do. — The only change in the Council during the year has been caused 
by the resignation of Mr. de la Rue, who bad been connected with the governing 
body of the Office since its reconstitution in 1867. Mr. de la Rue's place has 
been taken by Professor Gheor^e Darwin. 

Marine Meteorology. — The investigation into the Meteorology of the North 
Atlantic for the thirteen months August 1882 to August 1883 inclusive has made 
steady progress. Two charts have been drawn for each day, one showing the 
barometer and wind, the other the temperature of air and sea. The records of 
weather are inserted in both charts. Tne series for the first month, August 1882, 
has gone to press, and considerable advance has been made with those for the 
subsequent months. 

The Council have decided to take up the Meteorology of the Red Sea, and 
charts have been prepared showing Winds, Currents, the Pressure and Tempera- 
ture of the Air, the Readings of the Wet Bulb, and the Temperature and Specific 
Gravity of the Sea Surface for one month as a specimen. The results present 
many features of interest. 

The Charts of Barometrical Pressure for all the oceans are in the engraver's 
hands. like those of Sea Surface Temperature, they are only for the four 
months February, May, August and November. 

The Cotmcil have decided on the preparation of Monthly Current Charts for all 
the oceans, a work which will occupy a long time, but wmch may be expected to 
be of high value to the Nautical World. 

Part iV. of ContribtUione to our knowledge of the Meteorology of ^ Arctic 
Regions was published in 1885. It completes the series of expeditions sent out 
in search of Sir John Franklin's Expedition, except the vessels which passed into 
the Arctic Regions via Behring Strait. The meteorological results are for 
Princess Royal Islands, Mercy Bay, Dealy Island, Melville Sound, and Beechey 
Island. The observations made at these places have not before been fully dis- 
cussed. 

Weather Telegraphy, — Self-recording Aneroids have been supplied to five of 
the principal outlying stations, in order to aid the observers in reporting the 
changes which have taken place in pressure between the usual hours of obser- 
vation. 

Arrangements have been made with the Chief Signal Officer, U. S., for sending 
occasional telegrams to the Meteorological Office (1) as to storms which have 
been experienced by outward bound steamers, between long. 45° W and the 
United States ; and (2) as to derelict ships and ice passed on any part of their 
voyage. Tlie system was modified somewhat in September, and it is hoped may 
ultimately prove of considerable service. 

Two new columns have been added on the last page of each Weekly Weather 
Report^ showing for each station the Accumulated Temperature of the week, both 
above and below 42® F. 

Two appendices have been given with the Monthly Weather Report, viz. : 1. 
A report by Dr. W. J. Russell on the Impurities in London Air ; and 2. Table 
showing the Mean Monthly and Annual Riainf all at almost all the Stations men- 
tioned in the Weekly Weather Report for the twenty years 1866-85. These 
values are now used in preparing the Daily, Weekly and Monthly Reports. 

La$ui Meteorology of the British Islands, — The volume of Observations at 
Stations of the Second Order for 1881 has been published, and that for 1882 is in 
hand, in a forward state. The volume for 1881 contains reports in extenso on the 
International Form A. from thirty Stations, including fourteen in connection with 
the Royal Meteorological Society, and five in connection with the Scottish 
Meteorological Society ; together with monthly means and summaries for thirteen 
other stations, making forty- three in all, and the monthly duration and percentage 
of Sunshine at twenty-two stations. 

The monthly and yearly Rainfall values from thirty-seven stations have been 
supplied to Mr. Symons, F.RS. for publication in his British RaififalL 

Returns from ten stations Iiave been supplied each quarter to the Registrar- 
General for Ireland for publication in his Quarterly Report, 

The Quarterly Weather Report for the year 1877 has been completed. 

The Hourly Readings for 1883 have lieen published as far as September and 
the bulk of tne remainder is in type, so that the whole of the year will be com- 
pleted in a few weeks. 
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The dificassioii of the Air Wave caused by the great Volcanic Eraption in the 
Straits of Snnda in August 1883, has occupied a good deid of time. A series of 
maps has been prepared to show as far as possible the progress of the wave for 
intervals of two hours from its origin. 

The analysis, by means of Sir William Thomson^s Harmonic Analyser, of the 
records of temperature for the seven Observatories of the Office for the twelve 
years 1871-1882 has been completed, and the results have been subjected to a 
somewhat severe series of trials in order to test their accuracy. The result of 
these tests has been extremely satisfiustory ; and to mention only one portion of 
them, it ma^ be stated that they have shown that the mean temperature for a 
month obtamed by the use of the machine may be relied upon as accurate to 
within five-hundredths of a degree. — March BOth, 1886. 



Royal Obseryatort, Greenwich. — ^W. H. M. Christie, M.A., F.R.S., As- 
tronomer RoyaL — ^The new apparatus for photographic record of the indications 
of the dry and wet bulb thermometers having been provisionally mounted under 
a suitable louvre-boarded shed in the south gronna^ was brought into regular 
use at the beginning of the year 1886. It is proposed for a time to continue the 
records with both the old and new apparatus, for the purpose of making com- 
parison between them. By the introduction of this new q)paratu8 the time scales 
for all elements both magnetical and meteorological (twelve in number) are now 
identical. A maximum thermometer, a minimum thermometer and an ordinary 
thermometer have been mounted in a louvre-screen on the roof of the ma^et 
house, and daily observations with these instruments have been taken since 
the beginning of the year 1886 for comparison of the temperature indications 
in this exposed situation with those of the standard thermometers in the magnet 
ground. The bulbs of the thermometers are 20 feet above the ground. 

At the beginning of last year a new eight inch copper rain-gauge was substituted 
for the old standard eight-inch gauge. The observations with the two other 
ground gauges were continued as before, thus preserving the continuity of the 
record. 

A Richard thermograph has been provided for se in the magnet basement, 
principally for more clc^' ^jtermination of the mall diurnal inequality of tem- 
perature of the r.t)om.— ^ ^bruary 1886. 



Royal Observatory, Edinburgh. — Professor C. Piazzi Smyth, F.R.S.E., 
Astronomer Roval for Scotland. — ^During the year 1885 the meteorological ob- 
servations at fifty-five stations of the Scottish Meteorological Society have been 
calculated at the Royal Observatory, Edinburgh ; and the resulting numbers« 
with remarks upon them, have been communicated to the Registrar-Oeneral of 
Births, Deaths, &c. in Scotland, for that Officer^s Monthly and Quarterly Reports, 
where they have been duly and successively printed. 

The Astronomer Royal has also undertaken an inquiry, to ascertain practically 
whether the Wet-bulb Hygrometer was necessarily so sluggish and imperfect an 
instrument as many of the returns which passed through his hands seemed to 
indicate. First of all experimenting at home with the ordinary apparatus, he 
found it advisable to heighten and enlarge the ventilating chimney of the thermo- 
meter box ; to provide extra means of warding off solar radiation from three 
sides and the roof of the box ; to decrease the thickness of the muslin envelopes 
of the wet-bulb, and to test the automatic capillary action of the cotton wick by 
occasionally pouring water (distilled always) over the bulb, and watching the 
effect through half an hour. But these little points having been attended to, he 
was delighted with the sensibility and range ox indications of this very simple and 
now popular form of Hygrometer. Secondly, taking part of the apparatus with 
him last summer in a tour through Worcestershire, and perambulating therewith 
both the alluvial valley of the Severn and the heights of the Malvern hills, — he 
discovered a most marked increase in the dryness of the air on risinff above the 
level of the ordinary ttraiua mists of the plains, whether there was any tiling of the 
kind actually visible at the moment or not ; this increase of dryness being of 
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the Rhine order as, though less in degree than, that which he found thirty years 
ago on rising above the level of the North-east wind's clouds, some 3,000 to 6,000 
feet high, on the slopes of the Peak of Teneriffe. These results, showing both 
the real innate efficiency of the Wet-bulb Hygrometer when carefully used, and 
the happy circumstances, in our damp climate, attending the elevated position of 
Great Malvern, he communicated in a paper to the British Association at Aberdeen 
last September. 

Rain-band spectroscopy has been kept up in Mrs. Piazzi Smyth's private Meteo- 
rological Journal as usual, and with many cases of notable advantage in judging 
of the day's coming weather. 

Two extensive papers by the Astronomer Koyal on allied subjects, viz. one on 
the Solar Spectrum, and the other on Gaseous Spectra, one illustrated with sixty, 
and the other with thirty plates, have been printed by the Royal Society, Edin- 
burgh, and are expected to be published in the XxXIInd. Volume of their 
Transaelions. and distributed towards the end of the present month. — January 
8^1886. 



The Kbw Observatory of the Royal Society, Richmond, Surrey. — 
6. M. Whipple, B.Sc., F.R.A.S., Superintendent. — The several self-recording in- 
struments for the continuous registration respectively of atmospheric pressure, 
temperature and humidity, wind (direction and velocity), bright sunshine, and 
rain, have been maintained in regular operation throughout the year. The tabu- 
lation of the traces has been regularly carried on, and copies of these, as well 
as of the eye observations, with notes of weather, cloud and sunshine, have 
been transmitted weekly to the Meteorological Office. 

The experiments wita the photo-nephographs having proved satisfactory, it 
was decided in June to take frequent pictures for the purpose of determining 
the rate of motion of clouds. Accordingly the telegraph cable uniting the two 
stations was buried in the ground, and the stands and electrical fittings were 
made fixtures. Between Jtuy 6th, when the installation of the apparatus was 
completed, and the end of September, when the experiments were brought to a 
close in accordance with the j^structions of the Meteorological Council, 178 
cloud negatives were obtained 04« o^enty-seven days, fr^jf «{J[ie8e seventy approxi- 
mate determinations of the rate and direction of motia*r(^ clouds at heights 
varying from 3,000 feet to 70,000 feet have been secured. 

The preliminary discussion of the observations made with the six experi- 
mental solar radiation thermometers last year having indicated that the com- 
pleteness of the vacuum in which the black bulb thermometer was enclosed 
formed an important factor in determining its readings, new jackets with plati- 
num electrodes sealed in them were fitted to all the instruments. These were 
then, by the kindness of Mr. de la Rue, at his laboratory exhausted to a high 
degree and sealed hermetically, the vacua being in all cases so perfect that no 
electric current from a battery of 12,000 de la Rue cells can pass between the 
platinum terminals, 7 centimetres apart. Two new thermometers have also been 
constructed on a plan suggested hy Professor McLeod and exhausted to a some- 
what higher degree. The eight instruments, placed side by side on a stand on 
the Observatoxy lawn, have been read and set daily during the greater part of 
the summer. Comparisons have also been made between their readings whilst 
submitted to the radiation from a standard Argand gas burner. 

Baily^s Wind Integrator, after working successfully with electrical counters 
for some time, was simplified by the inventor, by the substitution of mechanical 
counters. These being found to work satisfactorily, Mr. Baily removed the 
instrument in May for the purpose of exhibiting it at the International Inven- 
tions Exhibition. 

The spare Beckley Anemograph to which the preceding instrument was at- 
tached has been dismounted, and together with the de la Rue recorder has, by 
direction of the Meteorological Council, been reconstructed as a Beckley recorder 
of the original type. 

The Meteorological Council having requested Mr. W. H. Preece, F.R.S., Elec- 
trician to the Post Office Telegraohs, to construct an electrical anemometer, and 
placed at his disposal an old Beckley Anemograph of the 1858 model, that 
gentleman had it fitted up, and it was erected on the Experimental House of the 

HSW SSBIKS. — ^VOL. XU. Q 
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Observatory. The velocity attachment has worked satisfactorily for the past 
six months, neither batteries nor connections having needed attention. The direc- 
tion gear has, however, occasionally required readjustment of its orientation after 
strong winds have blown, and is now undergoing alteration. 

A number of Hand Anemometers, by means of which the hourl^r velocity of 
the wind is determined from an observation extending over two minutes only, 
have had their scale values determined by direct comparison with the Standard 
Anemograph of the Observatory. 

The number of instruments verified during the past year again amounted to 
about 11,000.— Jantiofy 13/A, 1886. 

Radcliffe Observatory, Oxford.— E. J. Stone, M.A., F.R.S., Radcliffe 
Observer. — No change in instruments or in the method of observing has taken 
place during the year 1886. 

The anemograph, which had undergone considerable repair in the previous year, 
has worked satisfactorily. The photographic work, using, as in former years, 
the waxed-paper process, has been uniformly successful. 

Four rain-gauges are in use, two being near the ground, one at an elevation 
of 22 feet, and one on the Tower of the Observatory at 112 feet. Bright 
sunshine was registered during 1435 hours out of the 4456 hours the sun was 
above the horizon, or 31 per cent. 

The highest temperature in the air, SS^'-S, was recorded on July 25th, the lowest 
in the air being 23°"1 on December 11th. 

During the past year the mean temperature of the air was 48**'5, being 0^*5 
below the average for the last 30 years ; whilst the rainfall was 25*997 ins., or 
0'443 ins. below the average. Between June 25th and August 5th, a period of 41 
days, only 0*163 in. rain fell ; this deficiency was partially covered by the rainy 
months September, October and November, when the amounts were 4*392 ins., 
3*876 ins. and 3*579 ins. respectively. 

A bright solar halo, with parhelia, was seen on December 30th, and a lunar halo 
with paraselense on September 24th. 

Weather reports have been supplied daily (by telegram) to the Meteorological 
Office ; bi-monthly to the U. S. Signal Office ; monthly to the Registrar-General 
and the local newspapers ; and yearly to Symons^s BrUisk RainfaU^ and to some 
eminent meteorologists by request. 

The Meteorological Results for 1882 have been printed and distributed, and those 
for 1883 will shortly be in the printer^s hands. 

The observations made in 1884 and 1885 are partly reduced. — January 23rfl?, 
1886. 



Cambridge Observatory.— Prof. J. C. Adams, F.R.S.— The meteorological 
observations have been carried on by Mr. H. Todd as in former years, tele- 
grams being forwarded every morning to the Meteorological Office, and the usual 
rain record to Mr. Symons. A half-yearly and yearly summary of the observa- 
tions is also sent to the Cambridge Chronicle, No change has been made in the 
instruments.— January 12/A, ISSiS. 

Stonyhurst College Observatory. — Rev. S. J. Perry, F.R.S. — In addition 
to the general meteorological reports which have been sent as usual to the 
Meteorological Office, the Registrar-General, the U. S. Signal Office, and the 
French Meteorological Society, a monthly report is now published in the 
Naturalist, Special reports are also forwarded to tlie Upsala Observatory, Mr. 
Symons, the Preston Chtardiany &c. 

The upper glow continues to be observed with care ; the afterglow is seen at 
intervals ; but the day glow is never missing. The intensity in 1885 was quite 
equal to that of the preceding year. 

A paper by Dr. R Stewart and the Rev. S. J. Perry has been read before the 
Royal Society on a comparison between the magnctograms of Kew and Stony- 
hurst. 

Sun pictures, 10^ ins. to the diameter, have been secured on 230 days. The 
drawings of 1883 have all been measured, and those of the other years are pro- 
gressing fairly.^-i/aiiKary 6(A, 1886, 
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General Hemarks on Iihe Naming op Clouds. By Captain Henry Toynbee, 
F.R.Met.Soc., F.R.A.S. 

[Read February 17th, 1S86.] 

Having had some experience in training observers to record cloud observa- 
tions, I am strongly impressed with the fact ihat it is important to keep to 
Luke Howard's nomenclature, leaving it to the observer to express by an 
additional word any peculiarity he notices in a particular cloud. 

My custom is to say that the two chief divisions of clouds are into ^* high " 
and "low.*' 

Those are subdivided into ' threads/ ' rounded lumps,' * uniform spread ' or 
^ sheet ' ; and into those from which rain, snow or hail is falling. 

It seems clear that Howard did not confine the name of cirrus to hair- 
like clouds, but intended the term also to convey the fact that the cloud 
was high ; for instance, there is nothing hair-like in cirro-cumulus or in cirro- 
stratus. 

We have then the following names for high clouds : — 
Cirrus, — A thread or hair-shaped cloud. 
Cirro' Cumulus. — Small, high, rounded masses. 
Cirro-stratus, — High uniform sheet or patches. 
And the following names for lower clouds : — 

Cumulus. — Low (though sometimes reaching to a great height) large 

rounded masses. 
Cumulus (small). — Low but small rounded lumps. 
Stratus. — Low uniformly spread sheet or patches. 
Nimbus. — Low or high masses of cloud from which rain, snow or hail 
is falling. 
Now it is manifest that there are at times clouds which are intermediate 
between the cirro-cumuli and the small cumulus ; and others which are inter- 
mediate between the cirro-stratus and stratus. To meet such cases it seems 
best to leave it to the observer to decide which class the cloud he sees is most 
like, and to add high or low to its name ; for instance, a cloud between cirro- 
cumulus and small cumulus may be recorded as low cirro-cumulus, or as 
small and high cumulus. The same method might be followed with a cloud 
which was intermediate between cirro-stratus and stratus. 

Again, a cumulus-shaped cloud may appear to be softer than an ordinary 
cumulus, and it may be recorded as soft cumulus. The same may be done 
in the case of cirro-cumulus when it has a soft appearance. 

Then again, cirro-stratus and stratus sometimes appear in separate patches 
instead of in sheets, in which case (detached) can be added to their names. 

Lastly, varieties of the nimbus might also be distinguished by words such 
as, slight, or heavy. 

Howard also gives the name of cumulo- stratus, which, according to his 
illustration, is a heavy looking cumulus having generally a dark flat bottom 
with one or more layers of stratus or cirrus about its sides or top. This cloud 
is worthy of a special name, as it is intermediate between cumulus and mspbviBf 
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and is a sign of the breaking up of fine weather and of the fiEuling of a steady 
wind ; it is very commonly met with at the equatorial margin of a Trade-wind. 
Observers of the present day seem inclined to give this name to a cloud which 
is somewhat intermediate between a cumulus and a stratus, but I would 
suggest that the appearance of such a cloud is £Eurly expressed by soft cumulus. 

The above names are all given by Luke Howard, and with the additional 
words suggested they seem to meet ail the distinctions which can be expected 
from ordinary observers. Until our cloud observers have discovered another 
cloud which has a distinct appearance and is always accompanied by an 
important type of weather, I would not add another name to Howard's list. 

Although not related to the naming of clouds, it appears to me that, con- 
sidering the difficulties there are in placing wind-vanes and anemometers, it 
would be well to ask observers at land stations to record the apparent speed 
of the lowest clouds, the direction from which they are moving, as well as the 
same facts respecting cirrus which are ahready asked for. Their speed might 
be expressed by three figures, thus : 1 slow, 2 moderate, 8 fast ; a dash under 
the 8 might represent very fast. I am keeping such a record daily, and find 
it easy and helpful. 



DISCUSSION. 

The Rev. W. Clement Ley, in a communication to the Secretary, said : — " I 
deeply regret that I have to express my entire disagreement with the conclusions 
come to by my valued friend Capt. Toynbee, in the paper which has just been 
read before this Society. When one to whose opinions on all matters of 
meteorological observation so much deference is due records his determination 
to keep to Luke Howard's nomenclature of clouds, some of those who expect 
progress in a useful and important branch of weather knowledge must express 
regret. 

" Before the dawn of synoptic meteorology Luke Howard's system filled a need, 
though it did little to promote inquiry. Since that era it may ^afely be made 
the basis of a carefully discriminating and eclectic system of terminology. But 
any endeavour to restrict ourselves to its use, cuts off the possibility of obtaining 
what becomes more and more necessary, viz. the power of either communicating 
from distant localities the actual aspect of the sky, so that this may be represented 
synoptically, or of recording such an aspect in a journal so as to csdl up any 
vivid idea of the observed phenomena to the reader of the journal. I believe 
that ten thousand years of observations conducted on Luke Howard's system 
(adhered to without improvement) would give us an absolutely futile record. 

" I am too well aware that the title cirro-cumulus is commonly ^ven to any 
patches of stratiform cloud when seen somewhat near tibe senitn, because such 
clouds are structurally composed 6f nubecules detached from, partially united to, 
or welded with, one another, and that such cloud commonly ac(}uires the name of 
cirro-stratus^ or stratus (at the option of the observer^, when it is seen near the 
horizon. But none of the destructive criticisms which I have ever offered to 
Howard's terminology appear to me equal in severity to those of the author of 
this paper. For I shoula nesitate to say that Luke Howard himself intended to 
apply the name of ctrrtM, or the prefix ctVro, to clouds in which there is nothing 
'hair-likeatalL* 

" Then what is to be said for the title nimbus? A snow-shower falling from 
a patch of cloud less than 1,000 feet in thickness, a massive hail-cloud several 
miles in height, but perhaps of exceedingly circumscribed area, the steady rainfall 
of a composite cloud-bank extending over 40,000 square miles or so of the earth's 
surface, are all to be comprehended under a single name. Our own language is 
to be congratulated for the non-possession of so comprehensive a term. 
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'^ As for eumuUhstratus, it is a name destined I believe to be retained, but I 
hope that its unhappy associations will be forgotten. At present I know of no 
cloud excepting actual cirrus to which the title cumuLo-Btratw is not applied by 
one or other observer, and so entered in reports which are treated as of scientific 
▼alue. A eumultu spreading out into layers of stratus about its summit, as con- 
trasted with a etUHulu8 spreading out into a really cirriform crown, is, as I 
believe, rather the sign of the continuance than the breaking up of fine weather. 
The confusion, however, between these two types of cloud was scarcely so much 
due to Luke Howard himself as to his illustrator, and for the ever-ramifying 
confusions which have subsequently developed themselves later observers are 
responsible. 

" I have the authority both of the Hon. R. Abercromby, now I believe occu- 
pied in stalking cyclones in the East, and of other acute observers who have 
travelled widely, for the statement that clouds are to all practical purposes 
similar all over the world. I believe that locid varieties can be counted on the 
fingers of one hand. Clouds are objects that lend themselves with some facility 
to classification. But such classification must be based essentially on structural 
differences and the physical processes which produce them, if it is to acquire the 
utility which is possible in synoptic meteorology, and in the diagnosis and prog- 
nosis of weather." 

Capt D. W. Barker considered something simpler than the Rev. Clement Ley's 
classification of clouds was required for the use of ordinary observers, and 
thought that if Capt. Tovnbee^s simple classification were made more generdly 
known a satisfactory solution of the cloud question might be arrived at. ae 
(Capt. Barker) favoured a still more simple classification. Observers were 
commonly falling into error in calling clouds by wrong names, the cirro-ewnubu 
particularly ; all sorts of stratus being commonly noted as eirrchcumtUus instead 
of stratus. It would also be a good tiling if observers recorded the velocity of 
clouds in the way suggested by Capt. Toynbee. He kept a record of cloud 
velocities on this plan, and found it to be very useful. 

Mr. Archibald said that Capt. Toynbee's classification could be used by some 
persons where the number of Mr. Ley's definitions would be too great, but he 
thought the chief thing to be considered was the object of the observations, 
whetner they were for use in a scientific investigation or not. He was of 
opinion that three classes of cloud would be sufficient for observation at sea, 
and that the nnahus form might be dispensed with. He was glad to see 
cumulo^rcitus absent from Capt Toynbee's list, as he believed there was a great 
deal of confusion among observers respecting this class of cloud. It was very 
desirable that in future the scientific nomenclature of clouds should be based 
not merely on structural differences, but also on their differences of altitude. 
Each variety of cloud had its own level, and it certainly was essential that this 
should be taken into consideration in the classification of cloud forms for 
scientific purposes. For ordinary obsei*vations, however, something simpler 
would suffice. 

Dr. Tripe objected to Mr. Le^'s cloud names, as being too numerous and 
too complicated, and, to a certain extent, failing to convey a definite idea 
of cloud form. For ordinary purposes he thougiit that something simpler 
was desirable, and the fewer the names within certain limits the better. Two 
years ago he remembered seeing a magnificent cumulus cloud moving from West 
to East across a perfectly clear blue sky, and in its passage he observed little 
pieces being as it were torn off the top of the eumulta cloud and left in its 
trail by a fierce wind blowing firom East to West The track of this cloud was 
marked along the sky by the thin wispy hair-like pieces of cloud which covered 
the sky behind and could only be called cirrus. He thought as there are two 
distinct forms of cirms clouds at different heights, which are formed by different 
causes and are in different states, t.e. one ice and the other vapour, they should 
be differently named. 

Mr. Scott said that at the Meeting of the International Meteorological Com- 
mittee held in Paris last year. Prof. Tacchini had made some remarks similar to tJiose 
just uttered by Dr. Tripe, and Prof. Hildebrandsson had replied that he usufdly 
called these low drrus clouds " false cirrus^^ in order to distinguish them &om real 
eirrus. It had also been frequently remarked that no rain or hail fell from a, 
puimlus cloud unless these streaks of " false etrrus " appeared above it, 
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Mr. Whipple suggested that the time had arrived when the Societjr should 
appoint a Committee to inquire into the question of cloud classification and 
nomenclature. He thought a standard diagram of cloud forms should be decided 
on, as he believed that observers were chiefly guided by diagrams in the 
recognition of cloud forms, and the only good diagram at present readily 
accessible was that issued by the Meteorological Office. It would be a good 
thing for the Society to prepare a standard diagram representing the various 
typical cloud forms, in order to meet more modern ideas than those of Luke 
Howard. It was certainly desirable that an uniform system of cloud observing 
should be established. 

Mr. Symons said that tlie nomenclature of clouds was a large and difficult 
question, and he doubted if the time had arrived for any one Society to under- 
take a settlement of the question. He thought the International Meteorological 
Committee was the proper body to deal with the subject. It was well to remem- 
ber that a number of scientific men were working at this subject, and the more 
advisable plan to follow would be to let them continue their researches for some 
time longer, so that when a settlement is effected it should be a lasting one. 

Capt. ToYNBEB said, in reply to Mr. Ley, that he did not wish to throw cold 
water on the work of those who, like Mr. Ley himself, were making a special study 
of the clouds ; far from doing so, he wished that more would take up the subject. 
Where he differed from Mr. Ley was in his desire to keep to the few well-known 
broad types, and to express mfferences by an explanatory word or two, which 
could not be mistaken by ordinary observers ; instead of giving a new nanie and 
sketch for each grade of difference. His opinion was, that'.cloud observing is difficult 
to ordinary observers, and that no new cloud-name should be accepted until it 
could be shown to represent a cloud which could be easily distinguished from 
other clouds, and which was related to an important type of weather. He quite 
agreed with Mr. Symons, who thought that the time had not yet come for a Com- 
mittee to be formed to consider the naming of clouds, but that a good deal 
more work was needed from cloud observers ; he therefore did not agree with 
Mr. Whipple's proposal. Capt. Barker's remark as to the appearance of cumulo- 
Htratus with the North-westerly wind after a Northern Hemisphere Cyclone, 
when the weather is about to improve, was in accordance with his own remark 
that eumulO'Strati appear in the equatorial regions between a steady Trade and 
the Doldrums. They are a sign of cliange of weather either from settled to un- 
settled, or vice versd. In the neighbourhood of a doldrum the change of weather, 
from settled to unsettled or vice verad, depends on which way the ship is going, 
as the doldrum changes its position very slowly ; whilst with the cyclonic svstems 
of high latitudes, the change of weather depends chiefly on the track and speed 
of the system itself, though a ship's course and speed have much to do with it., 



On the Thickness op Showeb Clouds. By Abthub W. Glayden, M.A., 
F.G.S., Baih College. Commonicated by Walteb Bailt, M.A., 
F.R.Met.Soc. 

[Bead Februaiy 17ih, 1886.] 

No doubt most people have noticed that there is some comiection between 
what is called the *^ blackness *' of a clond and the heaviness of the shower 
which falls from it. Now '< blackness'* is roughly proportional to thickness ; 
so I have been led to make a number of measurements of the thickness of 
shower clouds, to see if the popular impression rested on any scientific basis. 
The first step was to find some method of ascertaining the height of the 
base of each clond above the ground. The methods employed at Eew and 
Upsala had not been made public when I began my observations, nor indeed 
could I have easily availed myself of them, having to work alone. The 
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means I adopted give a result which, when applied with sofSoient care, 
is aocorate enough for the immediate purpose in view, especially when the 
ill-defined surfaces bounding a cloud are taken into consideration. The 
method is dependent upon intervals of simshine and the presence of clouds 
so dense as to throw a fairly sharp shadow; conditions which militate 
against its general value, but which do not interfere seriously with the 
special object in view, namely the measurement of cloud thickness ; this from 
its veiy nature necessitating sufficient breaks in the cloud stratum to enable 
its upper surfiBMse to be seen. 

The instruments required are an azimuth compass and a sextant. 

If the observer stand at some spot not much above the level of the sur- 
rounding country, but from which he can command an extensive view, he 
will find that as the clouds pass over on an ordinary showery day with 
bright intervals between them, he will have no difficulty in selecting some 
corresponding points of cloud and shadow. He will not be able to do so 
with every cloud, but unless the conditions are very unfavourable he will 
not have to wait long. 

Supposing both cloud and shadow to be approximately equidistant from a 
verticflJ plane drawn through the observer at right angles to that in which 
the sun lies ; then both cloud and shadow will be in a plane at right angles 
to the direction in which the observer looks, and the shadow and the point 
vertically beneath the corresponding part of the cloud will be equally remote 
from him. Now let the position of some part, say the furthest edge, of the 
shadow on the landscape be noted, a horizontal line rapidly traced from 
this point until it comes under the cloud, and the angle between this and 
the corresponding part of the cloud measured with the sextant. I am aware 
that these directions sound vague, but it is easy with a little practice to 
follow them rapidly, and to make the measurement of the angle three or four 
times consecutively with only a very small percentage of error. 

Let B be the observer, A the point of the cloud, and G the point vertically 
beneath A ; then 




Fie. 1. 
AG » BG tan. ABG, 

of which BG is equal to the distance from B to the point of shadow whose 
position on the landscape has been noted. This distance is easily found by 
direct measurement on a good map. 

Next suppose the sun and the cloud to be in the same vertical plane with 
the observer. Let A be the point of the cloud, G the corresponding shadow, 
B the observer and D the point vertically beneath A« In the triangle A B G, 
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the angle A B G ifl measured ; and the angle A G B is the same as the 
angular altitude of the sun ahove the horizon, so that is measured. Note 
the position of G and measure A B G, 




HorinooTv 



Then AD = 



BG sin. AGB x sin. ABG 



sin. BAG 

BG is found, as ahove, hy reference to the map. 

Finally, in case neither of the ahove methods can he adopted owing to the 
required positions heing unattainahle, a measurement can still he ohtained. 
The method is slightly more difficult to use, hut if the clouds are not moving 
rapidly it gives an equally exact result. 

Let A he the point of the cloud, G the corresponding shadow, B the ohserver, 
BH and OW two horizontal lines in the same vertical planes with the two 
parallel rays from the sun SB and S'AG respectively. 

With the compass measure the angles HBE and BBG; and with the 
sextant measure the angle ABB. Note the position of G. 

From HBE we get BGB, and from BGB and BBG we get BBG. 




Fio. 8. 



Now BD = 



BG sin. BGB 



sin. BBG 
but AD = BD tan. ABB 

BG sin. BGDx tan. ABB 



therefore AD = 



sin. BDC 



By carefully selecting a favourable opportunity and employing one or the 
other of the three methods given above, I have seldom found three or four 
determinatioDS of the height of the same cloud depart bq n^uch as five per 
c^nt, of the wbole from their mean, 
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It will at once be noticed that the most common fonn of shower cloud is 
roughly pyramidical, haying a broad flat base, and that if a number of such 
clouds are visible at the same time, their bases all lie in the same horizontal 
plane, which might be convenientlj designated the '* cloud-line." Moreover, 
this cloud-line only alters its altitude somewhat slowly, remaining practically 
constant for an hour or sometimes very much longer. Hence, if a reliable 
determination can be arrived at with one cloud, the height of the base of any 
other cloud in the same stratum may be assumed to be the same if the interval 
of time has not been great. 




Fie. 4. 

To measure thickness, let D be the summit of the cloud, A a point in its 
base as near as can be judged vertically beneath D, G the point on the horizon 
beneath this, and B the observer. Then DC, the height of the summit, is to 
AC, the height of the base, as the tangent of the angle subtended by DC is 
to that subtended by AG. But AG has already been ascertained — 



AD^ 



AC tan. DBG 



-AG 



tan. ABC 
Bo that all that is necessary is to measure the two angles DBG and ABC. 

It is hardly needful to remark that a single measurement should only be 
accepted when confirmation is impossible. 

In the following table every measurement has been checked by two or 
three repetitions, and the greater number of them are the mean results 
deduced firom five or six determinations. They were made between the begin- 
ning of April and the end of September 1885, whenever a good opportunity 
could be taken advantage of. 



o. of Cloada 


Height of Baae. 


Thieknen. 


Oluuraeterof 


obMrved. 


feet. 


feet 


faUiiigbom( 


14 


700—2,000 


600—1,900 


None 


2 


1,000—1,100 


800 


Very small 


6 


1,000 


1,000 


Small 


1 


1,900 


1,000 


SmaU 


2 


1,100 


1,200 


Small 


8 


1,000 


1,600 


Small 


8 


1,200 


1,800 


Small 


4 


1,200 


2,000 


Small 


1 


900 


2,000 


SmaU 


8 


1,800 


2,200 


Medinm 


4 


1,000 


2,500 


Mediom 


9 


1,200 


8,000 


Medium 
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No. of Clouds. 


Height of Base. 


Thickness. 


Character of Drops 


obgerved. 


feet. 


feet. 


falling from Glond. 


2 


1,400 


4,000 


Large 


1 


1,600 


4,100 


Bather large 


1 


1,200 


4,200 


Large 


2 


1,400 


4,400 


Large and cold 


2 


1,700 


6,000 


Large and cold 


1 


1,800 


6,000 


Large and hail 


1 


900 


6,100 


Very large 


1 


900 


7,900 


HaU 


1 


1,800 


10,800 


Heavy hail, hard frozen, 



Many other measarements have been made, but being isolated observations 
they have been omitted, althongh they entirely agree with the above. 

It will be noticed that when clouds of the type called shower clouds have 
a thickness of less than 2,000 feet, the rain will be slight ; and that as the 
raindrops increase in size and decrease in temperature the thickness of the 
cloud also increases; until the clouds from which hailstorms come may 
reach a thickness of over 10,000 feet. 



On the Fobmation of Rain, Hail and Snow. By Arthur W. Glayden, 
M.A., F.G.S., Bath OoUege. Communicated by Walter Baily, M.A., 
F.B.Met.Soc. 

[Bead February 17th, 1886.] 

Some measurements made by me during the summer^ of 1885 have derived 
the following conclusions, viz. That clouds of less than 2,000 feet in thick- 
ness are not often accompanied by rain ; and if they are it is only very gentle, 
consisting of minute drops. With a thickness of between 2,000 and 4,000 
feet the size of the drops is moderate. As the thickness becomes greater the 
size of the drops increases, and at the same time their temperature becomes 
lower, until, when the thickness is upwards of 6,000 feet, hail may be produced. 
Thus— 



No. of Olonds 


Height of Base. 


Thickness, 


Character ol Drops 
falling from Clouds. 


obaerred. 


feet. 


feet. 


14 


700—2,000 


600—1,900 


None 


22 


900—1,900 


800—2,000 


Small 


10 


1,000—1,800 


2,200—8,000 


Medium 




1,200—1,600 


4,000—4,200 


Large 




1,400—1,700 


4,400—6,000 


Large and cold 




1,800 


6,000 


Large and hail 




900 


6,100 


Very large 




900 


7,900 


Hail 




1,800 


10,800 


Heavy hail, hard frozen. 



9 S^e paper op the Thieknesi of Shower Clotidt, p. 102, 
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These iSMts point to the conclusion that the great thickness, or rather perhaps 
altitude of the upper surfaces of the three clouds from which hail was ohserved 
to fall, had some connection with its formation. In the last case the hailstones 
were quite opaque, ahout ^ inch in diameter and } inch in length ; so cold 
that they did not hegin to thaw for several minutes after they feU, although 
the temperature of the air shortly before the storm had been 55^ They 
were so soft that a handful of them could easily be compressed into a kind 
of snowball. Finally, they showed a sort of radiated structure, as if minute 
needles of hoar-frost had formed around a solid nucleus. 

My own conclusions fit in so exactly with popular impressions that I have 
naturally been led to inquire whether an explanation may not be found which 
shall account for the facts. 

First — What is a cloud ? No doubt it will be generaUy admitted to be a 
portion of the atmosphere saturated with water-vapour, and containing a 
large number of particles of true liquid water. It may not be out of place to 
remark here that if there be any truth in the suggestion that the ultimate 
particles of liquid water are small groups of the true gaseous molecules, it 
may well be that the particles peculiar to cloud and mist are such groups. 
Be this as it may, there is little doubt but that the essential cloud-particles 
are true liquid, and that they are suspended in a saturated atmosphere. 

It seems usual to explain the formation of rain-drops by supposing these 
cloud-particles to collide and run together until the resultant drop is large 
enough to fall. Now it is difficult to see how such a conjunction can be 
brought about, and no explanation is offered as to why no rain whatever falls 
from clouds of greater thickness than others from which an abundant drizzle 
comes ; nor is it possible to see why all the drops of a heavy storm are large. 
Finally, the connection between cloud thickness and the character of the 
precipitation is scarcely explicable. 

When a vapour is cooled by its own expansion consequent on a diminu- 
tion of pressure, as in the receiver of an air pump, it assumes the form of 
mist, minute liquid particles being formed throughout the mass. Hence, if 
a cloud were cooled by expansion consequent on a rise in altitude, the only 
result would be the formation of more cloud -particles from its saturated 
atmosphere. So far as the present state of our knowledge goes, we have no 
reason to conclude that such a mode of cooling could bring about the forma- 
tion of a drop. 

Suppose, however, that some of the liquid cloud-particles are eooled, say 
by radiation, to a temperature ever so little below that of the saturated atmo- 
sphere surrounding them ; the result must be similar to that of the introduc- 
tion of a cold body into a warm, damp room. That is, a film of moisture 
win condense all round it, or rather, other liquid particles will be deposited 
upon it, until the heat evolved from the condensation has warmed the mass 
up to the temperature of the surrounding air. 

Such a preliminary loss of heat by radiation cannot easily occur at the base 
of the cloudy where the particles would rather tend to gain heat from the 
earth ; nor would it be likely to take place within the cloud, owing to the 
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adiathennio atmosphere ; bat at the upper sarface it is just what we shonld 
expect to find, the particles radiating their heat to the cold upper regions of 
the air. It may be objected that this upper surflEu^ would also be most 
rapidly warmed by the solar heat, but the objection is of little weight, because 
just those solar rays which would warm the transparent particles most rapidly 
will have been already absorbed by the upper regions of the atmosphere. 

All obsenrations tend to show that, except under quite abnormal conditions, 
the temperature of the atmosphere falls as the height above sea-level increases ; 
and there seems no reason whatever for assuming that the law does not apply 
to that portion of the atmosphere which forms a cloud. Hence, if a drop 
be formed, as is suggested, at or near the upper sur&ce of a cloud, it will 
descend into a region saturated with vapour at a temperature above its 
own. The result will be further condensation producing a larger drop ; 
and this process will continue until it leaves the cloud. If its temperature is 
below the dew-point of the air through which it falls, condensation will continue 
until it reaches the ground. However, it is obvious that this subsequent gain 
cannot bear any very large proportion to its growth while Ming through the 
saturated cloud, from which the conclusion foUows that the size of the drop 
must increase with the thickness of the cloud. 

Now the velocity with which the drop will iall is slow at first, increasing 
rapidly until it reaches a certain maximum. Hence it will move faster as it 
traverses warmer regions, and will not have time to come into thermal equi- 
librium with one stratum before it has passed on to another warmer still. It 
thus foUows that the temperature of the drop as it leaves the cloud, especially 
If it be large, will be lower than the average temperature of the cloud ; and as 
this is dependent on the respective temperatures of its base and upper 
surface, the drop must become colder as the thickness of the cloud increases. 

Suppose the first minute drop were formed at so great a height that its 
temperature were to be below 82°, it is not necessary to suppose that it would 
solidify. On the contrary, as Bespretz, Bufour and others have shown, such 
minute drops may be cooled to — 4° without freezing. Such an intensely 
cold drop will fall slowly, growing from the efiects of condensation until it is 
large enough to freeze. It will then solidify, its temperature rising to 82°, 
and will be a small rounded particle of ice. If it is still above the snow-line 
it will cool below 82°, and subsequent condensation will be frozen around it 
until its temperature reaches the freezing point, after which it will begin to 
thaw, and the nucleus of ice will be surrounded by a layer of ice-cold water 
until it is all melted. Under these circumstances a hailstone will be first 
formed, which will generally consist of a nucleus of ice with a wet and partly 
thawed exterior. But if the hailstone is cold enough when it crosses the 
snow-line it may reach the ground before its temperature has risen high 
enough for thawing to begin. In such a case the hailstones would be hard 
frozen and dry, such as those which feU during the storm in which the obser- 
vations quoted last in the table were made. 

It will be noticed on reference to the table that all the clouds from which 
haU has be^n observed to fall reached a height of 7fOOO feet. The snow-linq 
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over the South of England is probably somewhere between 6,000 and 7,000 
feet above sea-level ; so it is seen that in all cases of hail that I have been 
able to measure the npper snr&ce of the cloud most probably had a tempera- 
ture below 82°. 

If the original cooled particle be sufficiently cold it will solidify before con- 
densation begins, and subsequent additions to it will pass direct from the 
state of vapour to that of the solid, so forming a crystalline snow-flake. 
This will increase in size until it reaches the snow-line, but will not attain 
any great velocity owing to its feathery form. The slow fall will have one 
very important result, namely, that the temperature of the flake will have 
time to all but a4just itself to that of each stratum of air as it passes through 
it; unless, owing to some unusual cause, the temperature of the air fall more 
rapidly with the altitude than ordinary. In either case, when it passes the 
snow-line, it will condense water from the warmer parts of the cloud upon 
itself, this water freezing around the crystals and partly destroying their 
crystalline form, until the temperature of the mass has reached 82°. In the 
immense majority of cases this will soon take place owing to the large surface, 
but in the rare exceptional instance indicated above, the addition of ice might 
quite destroy the crystalline form. Indeed the fall of irregular masses of ice, 
neither exactly hail nor exactly snow, may not impossibly be accounted for 
in some such way. When such flakes or ice lumps descend through a warm 
atmosphere they will rapidly thaw, so producing a fall of either sleet or cold 
heavy rain. 

It is thus suggested that condensation begins on the upper surface of the 
cloud by the cooling of some of the liquid cloud-particles. If one such particle 
be cold enough it will solidify, and snow will be formed. Should it not be quite 
cold enough to soHdify at once, owing to its minuteness, but remain still 
below the freezing-point, hail is formed. Finally, if the temperature be not 
low enough for either snow or hail, rain is produced. 

Of course it is impossible to give an exact definition of either hail or snow. 
They pass through a great variety of intermediate forms from one to the 
other. The typical hailstone is a hard semi-transparent piece of ice, not very 
much unlike what a frozen raindrop would be ; while the typical snowflake 
consists of the well-known six-rayed crystals. But hail is often quite opaque 
and of a somewhat spongy texture, strikingly like a little ball of hoar frost ; 
and snow frequently falls in very similar little rounded balls. In winter 
people often give the name of snow to what they would not hesitate to call 
hail in the summer. The facts point irresistibly to the conclusion that both 
have a common origin, differing only in degree. 

If the original cooled cloud-particle be sufficiently cold to solidify as soon as 
it is large enough to form one of the ultimate particles (molecules) of the 
solid, a true snow-crystal should result. If, on the other hand, it cannot 
soUdify until a distinct drop is formed, hail should be produced. Should it 
solidify at any intermediate size some intermediate form should follow. 

As we rise above sea-level the temperature steadily falls until we reach the 
snow-line, above which the temperature remains always below 82°. At a still 
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greater height we shall reach another line ahove which the temperature will 
always be below that at which the cloud-particles will solidify on cooling. 
Hence it is possible to divide the atmosphere at any given time into three 
zones : first, that in which the conditions arc those required for the produc- 
tion of rain ; second, that in which the conditions would form hail ; and lastly, 
that where snow would originate. Let us call the intermediate zone the 
hail zone. 

Now temperature falls with increased altitude most rapidly nearest the 
Poles, and least rapidly near the Equator. From this it follows that the hail 
zone will be very thin in Arctic and Antarctic regions, so that if hail were 
formed at all the hailstones could only be so very small as to escape recogni- 
tion as such.^ On the other hand, where the hail zone is very thick, hail will 
be formed most often and the hailstones will reach the largest size. In 
temperate climes the summer conditions approximate those near the Equator, 
and in wintea the circumstances are more like those near the Poles. It is thus 
seen that we should expect hailstones to be the largest and most frequent in 
tropical countries ; more abundant in summer than in winter in temperate 
climates ; and almost unknown in very high latitudes ; showing a complete 
accordance between theory and &ct. 

Hail is rare on the lowland plains within the tropics, probably because it 
is seldom that a cloud rises sufficiently high to reach the hail zone ; and when 
it does do so it wiU be still more seldom that the hailstone will be cold enough 
to pass through aU the 18,000 feet of air above 82^ without melting. It is 
particularly large and abundant on tropical table-lands, because there the hail 
zone is at its maximum thickness, and there is no greater thickness of warm 
air to fall through than there is in temperate zones. 

Hailstones often show a somewhat concentric structure, film after film 
having been frozen around the central nucleus. Sometimes the central por- 
tions are opaque, as if the earlier part of the condensation had been deposited 
round the cold nucleus in the form of hoar-frost ; while the external paiis are 
more transparent, as if there the ice had passed through the liquid state. It 
will at once be seen that these facts are what we should expect if the proposed 
theory were correct. 

In a given hailstorm all the hailstones which fall within a few yards of each 
other, and within a few seconds of time, resemble each other so strongly as 
to show that there must have been some common factors in the causes which 
produced them ; and that their peculiarities cannot possibly have been brought 
about by accident, such as the collision of two and their freezing together. 

It seems usual for the authors of books which bear upon this subject to 
speak of the formation of rain as if it were simply a step further than cloud 
in the condensation of vapour. If the temperature at which this further con- 
densation takes place is above freezing-point, rain is formed ; if below, snow. 

^ On the morning of December 10th, 1885, there was, in the neighbourhood of Bath, 
a slight fall of what every one called snow ; but it consisted of numbers of round par- 
ticles of clear transparent ice, varying from ^ in. to ^ in. in diameter. That is, it 
was really very fine hail. 
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No attempt is made to say how condensation is brought about, nor to explcdn 
the formation of large and small drops. They then speak of hail as if it were 
rather an inexplicable phenomenon, and endeavour to account for it either by 
calling in the aid of some vague electrical action, or by supposing that drops 
of rain in falling from a height traverse a stratum of air so intensely cold as 
to freeze them bodily. 

The electrical theory is supported by the fact that thunderstorms are often 
accompanied by hail. But thunder often comes without hail ; and hail is 
often unattended by thunder. Moreover, thunderstorms are especially 
frequent in just those lowland tropical plains from which hail is generally 
absent. 

The frozen rain-drop theory makes no attempt to explain the peculiarities 
of structure often seen in hail, and it seems impossible to see how they 
arise if that theory be true. Again, the supposition of the cold stratum below 
a warmer one, although perhaps not altogether contrary to experience, is 
certainly uncommon, and it is extremely difficult to conceive such a stratum 
existing without showing any trace of its presence by a line of cloud or some- 
thing of the sort. It seems that hail would have to be formed when there 
were several layers of cloud above each other, a condition which is certainly 
not satisfied during very many hailstorms. It is a matter of fact that hail 
clouds differ in no particular from rain clouds except in that their upper sur- 
faces reach a greater altitude. 

In the theory which it is the object of this paper to lay before those best 
qualified to discuss such a question, no assumptions have been made which 
are not in strict accordance with fact ; it explains, so far as is possible in a 
short space, numerous peculiarities not approached by any' theory before the 
public ; and finally, it shows that the common phenomenon of hail requires no 
exceptional conditions of the distribution of temperature in the atmosphere, 
nor indeed any others than a graduated difierence of degree from those which 
would produce the yet commoner phenomena of rain, snow and sleet. 



DISCUSSION. 
Mr. G. Dines said he had at different times thrown out suggestions as to the 
formation of rain drops, but could never muster up courage to write a paper on 
the subject. It was a most difficult question, ana he felt that a great pai't of 
what he might say was little better than mere conjecture. He should confine 
his remarks to the formation of rain-drops. There were strong arguments 
against the theory advanced in the paper that the drops were formed by con- 
densation. When condensation of vapour took place heat was set free, and part 
of this heat might pass into the outside air, but he had little doubt that a great 
part would he received by the drop and would soon warm it up so as to stop con- 
densation. Sir John Herschel had written a paper on the subject, but he (Mr. 
Dines) had not seen it, he therefore referred to Mr. Symons's summary of it. 
This would be found in a paper^ read at the British Association Meeting at York, 
which paper had been the means of removing one great stumbling block out of 
the way of meteorologists. The words used by Mr. Symons were these : — " The 
theory that the growth of the rain-drop by the condensation of particles of 
vapour floating in its path was adequate to explain the elevation diAerence was 
demolished by Sir John Herschel, who showed that the latent heat of steam, 

1 8m 49|fiiioiM'« BritUh Jtainfatl 1881, page 43 ; alw Sir W« Tboouon's Bemarks, page i6. 
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being about 1,000° F., drops of rain, if they acquire an increase of weight amount- 
ing to 1 per cent, by conaensed vapour, must in so doing have their temperature 
raised 10^. If they acquire an increase of 5 °/o) they must have their temperature 
raised about 50^." These words were rather strong against any condensation theory. 

If the Fellows referred to his (Mr. Dines's) paper on Evaporation,' it would be 
seen how slow the process of condensation was upon the surface of ice. He had 
repeated the experiments on Monday last ; the results might be put as follows : — 
If a ball of ice were suspended in tne room, it would take from fifteen to twenty 
minutes to increase its diameter 0*001 in. by condensation. On this point he 
spoke with some certainty. The lower the temperature, the slower the condensa- 
tion. He was well aware that the surrounding circumstances were different — a 
rain-drop was in motion, he did not know how long it was falling to the earth ; 
but notwi til standing these differences, he looked upon it as almost an impossibility 
that rain-drops could attain to the size they did by condensation. 

He had made observations as to the temperature of rain — on one occa- 
sion when there was a considerable quantity of hail mixed with the rain, he was 
surprised to find the temperature 54°. He had seen it as high as 70°. He could 
not recall any instance when the temperature had been below that of the dew- 
point, but more frequently than not it was above that of the air. He could only 
account for these high temperatures by supposing that the rain was warmed by 
its friction through the air, and by the stoppage of its motion. If this were so, 
it gave back to the earth a part ot the heat that had been taken away by evapora- 
tion ; at all events it showed that there would be no condensation on the ' ain- 
drop for some time before the drop reached the earth. On one point they were 
agreed, namely, that all the rain which fell upon the earth must at some time or 
the other have left it in the form of vapour. As the saturated air left the earth, 
it was cooled by the work which it performed in expanding, and a part of the 
vapour was converted into water and formed cloud. 

By passing a fixed quantity of air through sulphuric acid, he had endear 
voured to find what quantity of these clouds or water particles were held in 
suspension by the air. Taking a fog cloud (when the temperature was generally 
low), it did not exceed one grain in weight per cubic foot of air. In a dense 
cloud like that made in a laundry on washing dajrs, when the temperature was 
about 70°, it had at times amounted to three grains. From some observations 
which had been recently made by his son, Mr. W. H. Dines, F.R.Met.Soc., he was 
inclined to think these amounts were under estimated, as sulphuric acid did not 
dry the air so rapidly as was generally supposed. As the temperature of the air 
increases, it is enabled to hold a greater quantity of vapour without being saturated. 
(Query — Does anytliing of this kind apply also to the particles of water held in 
suspension by the air ; and if so, is there any limit in the latter case as in the 
former?) His next attempt was to get at the size of these water particles. 
For this purpose he used a small brass vessel, fitted to the stage of his microscope, 
through which cold water was made to circulate so as to keep the surface just 
above the temperature of the dew-point ; as the drop fell tne size was easily 
ascertained by placing a micrometer in the eye-piece. 

In a fog cloud the sizes of these particles were very irregular, some as large as 
0'045 in. in diameter, — these fell sufiiciently fast to be flattened by their faU. 
In the laundry, where the air was comparatively still, the drops, or rather 
particles of water, were much smaller and more even in size ; he estimated the 
diameters to be from 0*00033 to 0*00025 inches. In making these observations 
an unexpected sight presented itself; he had on several occasions seen these small 
drops or particles of water floating in the air, they were in motion, both horizon- 
tally and vertically, but the motion was so slow that they remained in the focHS 
of tne object glass long enough to get a good view of them before they touched the 
stage. DY calculation he found that it would require about one thousand 
millions (1,000,000,000) of these drops to make up three grams in weight. It 
appeared to be almost incredible that a cubic foot of air could hold this number 
of perfect water drops in suspension, but he did not think he had over-estimated 
the amount 

The theory which he had formed in his own mind as to the formation of rain* 
drops, but wnich he did not for a moment consider as original, was this . Supposing 

1 Proceeding* •/ the Ueteorvlogkat Seeietg, Vol. V. paffS 201. 
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the diameter {d) of one of these small drops of water to be increased bj collision 
^th other drops, the surface which would have to encounter the friction of the 
air in its passage downward would be as eP^ whilst the weight of the drop to 
overcome that mction would be as €^. Roughly speaking the power of the arop 
to force its way downward would be in proportion to its diameter. As the drop 
increased in sise, and its velocity increased, it would come into contact with a 
peater number of the watery particles floating in the air. Increased velocity 
m the drop would cause increased friction, but there was little doubt the larger 
the drop the faster it would fall, and if he could transport himself to the under- 
side of the rain-clouds, some miles in depth, he should expect to see rain-drops of 
all sizes emerging from the clouds, the smaller ones just struggling through, and 
others moving downwards with considerable velocity. He, like the author of 
the paper, had not called in electricity, that most useful refuge for all doubtful 
meteorological theories, but if it could be supposed that these small particles of 
water were attracted to each other either by electric or capillary attraction it 
would simplify the matter. It was generally dlowed that clouds were in 
different electrical conditions, and if this brought them in any way into collision, 
the clashing of the drops together would be accelerated, and help to account for 
the large drops of rain which came down with thunder showers. The snow line 
was assumed to be 6,000 to 7,000 ft. high over the South of Eneland ; this might 
be correct as far as the surface of the earth was concerned, and also with regard 
to the atmosphere on a clear day, but at night and when the sky was clouded this 
rule for the decrease of temperature with elevation did not always apply, and in one 
of Mr. Glfl^sher*s balloon ascents (the 18th) he found the same temperature (46°) 
at 10,(7?0 teet above the earth as on tiie ground. This was another argument 
against the condensation theory. With regard to the depth of the rain clouds, 
he (Mr. Dines) had often wondered where all the rain came from. If three grains 
of water were allowed per cubic foot, it would take clouds of about three miles 
in depth to produce an inch of rain. It was true there was a reservoir left in 
the vapour of the air, but this was small in amount at low temperatures, and he 
did not see how it could be made available, and for this reason he was led to think 
that the depth of the cloud had been under-estimated in the paper. 

The Rev. W. Clement Ley, in a communication to the Secretary, said :— ** As 
an old observer who has spent a great part of his life in the estimation of the 
altitudes and velocities of clouds, I wisn to welcome Mr.Cla^den^s two papers as 
of remarkable interest. With Mr. Clayden*s eeneral conclusion as to the relation 
between the thickness of shower-clouds and the character of the precipitation 
taking place from them I fully a^ee. A longer experience will^ however, I think 
convince him that his scale of altitudes will have to be increased m a very great de- 
gree indeed, in order to take in cases of no very uncommon occurrence, even in our 
own latitudes. I notice that his observations were made between the beginning 
of April and the end of September 1885. They thus comprise no winter obser- 
vations. For this reason the lowest limits both of the bases and thicknesses of 
shower-clouds do not appear in the table. During frosty weather in winter, 
slight snow showers not uncommonly fall from clouds whose base is somewhat 
less than 1,000 feet above the earth's surface, and whose vertical thickness is less 
than 400 feet. Drizzling rain also occasionally falls from clouds of similar alti- 
tude and thickness, especially over the sea. As regards the other limit of the 
table, it should be noted that the observations were made in a season remarkable 
for the almost total absence of those shower-clouds of the greatest altitude, which 
constitute our heaviest thunder and hail storms. I have very rarely in winter 
seen a shower-cloud of more than 10,000 feet in thickness, but in the summer 
season, of certain vears, I have measured manv which have vastly exceeded these 
dimensions. In tne August of 1858, I watched a shower-cloud having almost 
perpendicular sides, whose base was about 1,000 feet above the summit of Mont 
Blanc, which was hidden by a sheet of snow falling upon it. The upper surface 
of this cloud I estimated as 15,700 feet above its base. As this cloud travelled 
northward, producing a thunderstorm (I believe without hail) in the valleys, I 
could discern no change in its proportions. In England, on August 13th, 1^7, 1 
approximately measured several hailstorm clouds, whose bases were about 3,000 
feet above the earth's surface, and whose thickness was a little more than 25,000 
feet Even this thickness was considerably exceeded on September 3rd, 1867, and 
August 4th, 1878, while in the summer of 1872 there were numerous examples 

MBW 8BBIES.«-V0L« UX. B 
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of thunderclouds having a vertical thickness of more than 32,000 feet. Although 
the majority of these clouds of enormous dimensions produced heavy hall, there 
were others from which, so far as I could ascertain, only rain fell. Measurements 
of the thickness of clouds in tropical countries would probably give us even more 
surprising results. I consider that in the British Isles the average thickness 
of hail-clouds in winter is not quite one-half that of hail-clouds occurring in 
summer. The summits of shower-clouds from which heavy rain or hail is falling 
commonly attain the level of the cimu in winter and in summer, but this level 
is much lower in the former than in the latter season. The domes, however, of 
those portentously thick shower-clouds which I have above alluded to can be 
seen to permeate the cirri and to overtop them by several thousand feet. 

"Altnough disposed to agree in the main with Mr. Clayden's conclusions as to 
the mode in which the form of precipitation is modified, I would call his attention 
to the remarkable fact that all those shower-clouds in which the drops are large 
have a more or less cirriform summit, and that the freezing of the particles 
composing the summits of these clouds takes place simultaneouslv with the 
commencement of precipitation through their bases. I know of only two 
classes of exceptions to this law. The nrst occurs in our own islands and else- 
where, when, although the drops are large, the shower is extremely slight. 
Showers of soft hail especially occur not uncommonly in the rear of a cyclonic 
disturbance from well-lormed and hard-edged cumuli^ but these showers never 
become what we should call <* sharp," unless at the same time the summit of the 
cttiiitt^tM is combed out in more or less feathery lines of snow. The other 
exception occasionally occurs in tJie Equatorial Calms over the Atlantic, and 
probably (though of this I have no evidence) over the Pacific also. Large well- 
formed cumuli of threatening aspect, and which are described as resembling 
great sacks of water, hang almost motionless during the day, and are precinitated 
in violent showers about sunset. I am informed bv keen observers that tnere is 
no cirrification whatever about the upper portion of these clouds, and the showers 
produced by them are also xmaccompanied hj electrical discharges. 

" The method employed by Mr. Clayden is one that I have iwopted for many 
years, and is certainly the most simple. Caution is necessary in its application, 
as I have no doubt Mr. Clayden has found, owing to the fact that in a m<yorit^ 
of cases the summit of the shower-cloud, especially if of great altitude, is 
rarely perpendicular above the shower at the eaxth's surface, on account of the 
varymg velocities and also directions of the air-currents at different altitudes. 
The method may be conveniently supplemented by others, such as synchronous 
observations carried on by two or more observers situated on base lines of sufii- 
cient length. This might most effectually be carried on by the use of a tele- 
phone, wnere available, but I have never been in a position to employ this 
method. I have, however, found it useful to ti^e synchronous observations with 
other observers at stated moments of the day, when the state of the sky per- 
mitted. The two observers should take as accurate altazimuth observation b as 
fossible of the principal clouds in the sky at previously concerted moments, 
mmediately afterwards sketches of these clouds should be taken by eacli ob- 
server, a process which can, I think, most readily be effected by the use of soft 
chalks ; or an assistant might take the sketches while the observer is employed 
upon the altazimuth. I obtained in the spring of 1882 some useful measure- 
ments of the altitude of etm, which do not lend themselves readily to any other 
process of measurement, in conjunction with Mr. Glyde, having a base line 
extending from Kingssand, near Devonport, to Babbacombe, Torquay. 

'* On two small points I venture to differ slightly from Mr. Clayaen. I have 
frequently observed the cloud-plane (a term which I prefer to cloud-line) to 
descend very considerably in a particular cloud when a heavy shower is first 
formed, and to ascend above the bases of the surrounding clouds when the shower 
is nearly spent. 

'* Secondly, although it seems improbable that hail is often formed by the passa^ 
of rain^drops through an intensely cold stratum of air, yet on the other hand, in 
the presence of the vigorous convection-currents in and around a cumulus^ it 
would be unwarrantable to assume that the vertical distribution of temperatures 
in the body of such a cloud bears much resemblance to the vertical distribution 
of temperatures in an atmosphere where no cumului exists. Such an assumption 
is also in some degree negatived by actual observationB taken in balloonsj' 
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Mr. Archibald remarked that some valuable observations of cloud heights 
and thicknesses had lately been made by MM. Ekholm and Hagstrom in Sweden 
with theodolites, the observers bein^ connected by telephone. The formation of 
hail had always oeen a difficult question, but he did not see any thing unreasonabla 
in the theory put forward by Mr. Glayden. Ferrel had worsed at this question 
and had arrived at somewhat similar conclusions. Hailstones such as ne TMr. 
Archibald) had seen in India must have faUen through a great thickness of cloud 
to have attained so large a size. He took exception to the statement contained in 
the pi^r, that hailstorms are not frequent on tropical plains. This was certainly 
not true in the case of Eastern Bengal, as during his residence in that district 
th^ were by no means exceptional occurrences. 

Mr. Whipple thought thai Mr. Clayden's method of measuring the thickness 
of clouds, although ingenious, was hardly a sufficiently reliable one on which 
to found important deductions, and he therefore expressed some doubt as to the 
values contained in the paper. He believed that clouds reached a greater height 
than Mr. Glayden represented. He referred to some observations made recently 
at the Harvard Observatory in support of this statement. He thought the rate 
of the formation of the clouds snould have been taken into account by Mr. 
Glayden, as the process requiring to be gone through in order to arrive at an 
estimate of the thickness of the cloud observed occupied some time, or at any rate 
time sufficient for the cloud to alter considerably. With respect to Mr. Glayden's 
remarks as to vapour cooled below the freezing point not solidifying until 
coming into contact with some object, he had read of similar experience in the 
account of the voyage of the Vega. 

Mr. G. Harding said that the papers were good, but they contained figures 
which seemed to him somewhat doubtful. He thought that too much value had 
been attached to conclusions which were drawn from only three observations in 
the case of hail. He could not accept the statement that clouds were always 
saturated, as he had passed in a balloon through a cloud when there was as 
much as 5° difference between the dry and wet bulb thermometers. Mr. Glaisher's 
obsenrations in his baUoon ascents also clearly showed that clouds were not 
necessarily saturated, and that the idea of an uniform decrease of temperature 
with altitude was not correct, as the author seemed to imply. 

Mr. W. H. Dines thought the one thing certain about the formation of rain 
was the one which had been pointed out by Sir John Herschel, namely, that it was 
not caused by tiie condensation of vapour upon the falling drop. There were 
certain laws relating to the latent heat oi steam and water which numerous 
experiments had shown to be as fixed and invariable as the law of gravitation. 
Now assuming that a drop, commencing to fall as ice from any height, at a 
temperature of 0° F., and falling during any period of time, reaches the ground 
in tne form of water at 70° F., and also that it receives no heat firom the air 
dnrine its fall, even in these circumstances, the most favourable to the condensa- 
tion tneoiy that can be conceived, it may be shown by strict mathematical 
reasoning based on these physical laws Uiat the total condensation upon the 
drop cannot be as much as 50 per cent 

THS President (Mr. Ellis) said that whatever might be thouffht of Mr. 
Glayden*s paper he had worked in an excellent spirit. He arrangea a plan for 
carrying out a proposed object, made the necessary observations, and finally used 
his observatiooB on which to £(>nn a theory. 



Oh Thbsb Ybabs* Wobk with thb * Ohbono-Baboioitbb and Gbbono" 
TBBfiMouETEB,' 1882-64. By William Fobd Staklbt, F.B.Met.Soc., 
F.G.S. 

[Bead February 17th, 1886.] 

TttB maiier 1 irish to bring before the Society ie, the work done in three years by 
two clocks, constructed to measure pressure and temperature cumulatively ; 
one of which I term a '< Cbrono-barometer,'* and the other a << Chrono-thermo^ 
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meter/' I exhibited the models of these and read a paper in February 1877^ 
The constmction of these clocks may be again briefly described. 

The Chrono-barometer is a dock that counts the oscillations of a pendulum 
formed by a suspended barometer. The upper chamber of the pendulum is 
a cylinder of an inch or more in diameter. By change of atmospheric 
pressure the mercury in the pendulum is displaced from the bottom to the 
top and vice vend. The rate of the clock is accelerated or retarded in pro- 
portion to the displacement of the mercury. 

The Chrono-thermometer is a similar clock to the above, and the pendulum 
is also a barometer, but instead of the lower chamber being exposed to 
pressure the whole tube is enclosed in a second hermetically sealed tube con- 
taining air. Atmospheric pressure being thus removed, the expansion of the 
included air by heat alone forces the mercury up into the vacuum chamber, 
and alters the period of oscillation of the pendulum. 

Besides the two clocks having glass pendulums, I have constructed two 
similar clocks with steel pendulums bored carefully to standard gauges, the 
records of which have been carried on contemporaneously with the models 
previously described. 

These clocks record the number of beats in a given period, whether a day, 
a week, a month, or a year. The difference of the number of oscillations 
indicated by the dials in equal periods, indicates the difference of pressure or 
of temperature during the periods. Thus the clocks will record from 89,000 
to 90,000 beats daily, and the difference in the number from day to day may 
be reduced to a known scale by comparison with the barometer or thermo- 
meter observed for the same period. 

The Chrono-barometer with steel pendulum shows an acceleration of 949 
beats per day for every inch the mercury rises. In like manner the Chrono- 
thermometer gives an acceleration of about 17*5 beats for 1^ Fahr. per day. In 
the construction of another Chrono-thermometer it would be advisable to 
increase the acceleration by enlarging the capacity of the air chamber. 

In constructing these instruments I endeavoured, for several years, to 
ascertain if a vacuum would remain perfect in a steel chamber, or if steel 
were slightly pervious to air, I am still uncertain on this point. One thing is, 
however, evident — ^the vacuum is not now so perfect in the Chrono-barometer 
as at first, but as this is also sometimes the case with glass barometers, I can- 
not state whether it arises from the slow escape of occluded air in the 
mercury or otherwise, although the mercury was thoroughly boiled. With 
regard to the Chrono-thermometer with steel pendulum, air has, undoubtedly, 
reached the vacuum chamber, and I will therefore only give the results 
derived from the glass Chrono-thermometer. The inclusion of air in the steel 
pendulum instrument proceeds very slowly, and I assume is proportional to 
the time. It might possibly be prevented by varnishing the steel thoroughly. 

The readings of the instruments were taken simultaneously with the time 
indicated by a good watch, compared daily with a mean time astronomical 
Olook. Personal error enters of course into the reading; but the error, as 
> QuafUrly /otifiMl,*Tol. n. p. 869. 
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regards these instramenis, oonld not be cnnmlative, and would be as great 
in total amount for one day as for one year, so that it may be assumed 
constant, not interfering^ with the mean observations recorded. 

The Chrono-barometers during the period of the observations here discussed 
were placed under the ordinary circumstances of a barometer in my bouse, 
and will, therefore, need no further particulars as to position. The Ghrono- 
thermometers were placed under special conditions, which it is necessary to 
describe, as it will be evident that temperatures recorded by them will not 
agree with those taken by the ordinary method. This difference was inten- 
tional, as I considered these instruments especially adapted to register a 
particular temperature phenomenon which may be termed average '' climatic 
temperature," as contrasted with the shade or sun temperature. 

To insure the conditions stated above as nearly as my means permitted, I 
placed the Chrono-thermometers in leaden cases formed like obelisks, about 
four feet in height from the ground. The base of the obelisk being 16 ins. 
square, it diminished to 12 ins. square at three feet. Upon this was placed 
a moveable head about one foot cube, having a cottage roof; this fitted nearly 
air tight upon the lower part, and covered the works of the clock. The 
docks were wound once every week through air-tight fittings, whilst a small 
glass pane, inserted in the head of each case, permitted the dial to be 
observed. As a protection to the works of the clocks from rust, I placed a 
box of quick lime in the lower part of each case, with a laige coil of fine 
bright iron wire over the lime, so that any moisture in the air might be 
absorbed. With these precautions I found the clocks continued in perfect 
order. The cases were placed in the open air, in a fair position for obtaining 
a mean temperature of the air, on the southern side near the summit of a 
mound. Buildings and trees a few hundred feet distant shaded them, in early 
morning and evening, from the sun, so that although the midday temperature 
would be in excess of the mean, the morning and evening temperatures were 
in defect. After the leaden cases had been fixed a few months, they assumed, 
by oxidation, the usual well-known lead colour tint which remains unchange- 
able ; and would, therefore, in this state absorb a uniform amount of heat 
from the sun and the air approximately under like atmospheric conditions. 

For the comparison of the work of these instruments the following table 
givQB the nimiber of beats of the glass and steel pendulums of the Chrono- 
barometers for three years: — 

1882. 1883. 1884. 

Ghss Pendulum 88,765,669 88,670,180 88,658,188 

Steel Pendulum 82,695,848 82,690,765 82,680,976 

The year is taken at 865i days. There is some discrepancy in the 
comparative indications of the two clocks, but possibly not more than would 
natnraDy follow from the difference of construction of the two pendulums, 
and particularly from the imperfections in the bore of the glass one. The 
steel pendulxun, by the relatively higher number it beats over the glass one 
for 1884, shows that steel maintaiuB a vacuum quite as well as glass, and it 
may tberefore be considered to be ftirly oorreet* 
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The following table gives the number of beats made by the glass and steel 
pendnlnms of the Chrono-thermometers for three years : — 

1888. 1888. 1884. 

Glass Pendnlom 88,996,088 88,997,070 84,016,995 

Bteel Pendulmn 82,696,848 82,690,765 82,680,976 

It is here evident that the steel pendnlom is losing its vaonom, and the 
value, if any, of its work can only be estimated by allowing a proportional 
loss to time. I therefore insert the work of the glass pendolnm Cbrono- 
thermometer only in Table n. which follows below. 

Table I. gives the monthly dinmal mean of the Ghrono-barometer with steel 
pendolnm for three years, as well as the mean barometrical reading at 9 a,m. 

TABLB L-OHBDNO-BABOliBTEB. 



Month. 


1882. 


1883. 


1884- 1 


Pendolnm. 


Barometer. 


Pendnlnm. 


Barometer. 




Barometer. 


Jannary ... 
Febrnary ... 

Anril 


Beats. 
90,148 
90,018 
89,728 
89,458 
89.541 
89.334 
89.«79 
89.212 

89.309 
29'384 
89428 
89,461 


Ins. 
30-369 
30213 
30-047 
29794 
29-961 

29-925 
29854 
29893 
29*862 
29-829 
29-684 
29-672 


Beats. 
89,626 
89.807 
89.759 
89,6h 
89.487 
89.297 
89.167 

89.183 
89,465 
S9.518 
89.877 


Ins. 

29-940 

30-110 

29-914 

30-022 

29-931 

30-006 
29-869 
29-990 

29-549 
30171 


Beato. 
89.768 
89.616 

89,146 
89,120 
89.278 

89.555 
89,760 
89,586 


Ina. 
30136 
29-934 
29-955 
29-830 
30-019 
30*045 
29-970 
30-029 
30-022 
30-085 
30-187 
29-937 


wSy :::...::: 


June ......... 


July 


AogoBt 

September... 

Gotober 

November ... 
December ... 


Tear 


8?.597 


30*008 


89.503 


29943 


89.476 


30'0I2 



TABLE n.— CHBONOTHEBMOMETEB. 



Month. 


1882. 


1883. 


1884. 


Pendnlnm. 


Shade 
Temp. 


Pendolnm. 


Shade 
Temp. 


Pendnlom. 


Shade 
Temp. 


Jannary ... 
Febmaiy ... 

March 

April 


Beats. 
92,682 
92,768 
92,948 

93.051 
93,300 
93,370 
93.5»6 
93,121 

93.574 
93.063 
92.795 
92,687 




39-5 
40-8 

453 
491 

55-7 

^ 
59-8 

50-8 
428 
39'4 


Beats. 
92,716 
92.785 
92.644 
93,048 
93.251 
93.532 
93.503 
93.589 
93.326 
93,058 
92,798 
92,679 



40X 

4«-7 
354 
47-2 
54-0 
60-5 
6r6 
61-9 
56-7 

50-6 

42-8 
39-6 


Beats. 

92.789 
92,767 

92.895 
92,956 
93,330 
93.479 
93,651 
93.734 
93.470 
93.285 
92,752 
92.698 



43*» 
41-1 
437 
46-5 

583 
64-8 
661 

59-9 
49-0 

1^1 


u^ :.::.:..: 


Jnne .^.rrt.t. 


July 


September 

October 

November ... 
December ... 


Tear 


93.074 


49-5 


93.079 


49-4 


93.13* 


s<^ 



There appears a diaerepanoy in Table I. of the Ohrono-barometer as com- 
pared with the barometer, e^nal to *026 in. meim difbreaoein I8881 oonqparej 
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with 1884 ; this is no doabt largely due to the roagh approximation the 
single diomal reading of the barometer gives, this bemg subject to inevitable 
personal and instrumental errors. 

Table 11. gives the monthly diurnal mean of the Ohrono-thermometer with 
the glass pendulum for three years, together with a thermometer reading as 
9 a.m.; this being entirely a shade temperature, only exhibits a very rough 
aeeordance. 

I regret that the pendulum with which the above observations were made was 
accidentally broken in removing it from the International Inventions Exhibition ; 
it has, however, been repaired to nearly its original form. When broken I 
found considerable oxidation of the mercury at its surfieuse, as is generally the 
case in glass barometer tubes. 

[Nor.— The glass pendulnm olookB are now deposited in the Sdeno and Art MuBemn 
for permanent exhibition, where they will remain as modelB for any one who may care 
to pursue the subject further. I have re-filled the steel pendulums, and intend to keep 
the docks going with these in their former positions xbany years.] 



DISCUSSION. 

Mr. Lecky said that he had taken much interest in these pendulums of Mr. 
Stanley's, as they were reaUy a new departure in meteorological instruments, 
and as the oscillations ran to very high numbers the results admitted of dose 
investigation. In order to test tiieir regularity of action, he had taken the year 
1883, and by dividing the monthly average of 'oscillations by the average height 
of the barometer he found that the number of oscillations corresponding to one 
inch of mercury varied very slightljr from month to month, the maxima being 
in November and March, and the minima in August and December ; the differences 
he thought might be easily accounted for. In the thermo-pendulum these 
differences were much greater, being evidently caused by its unfavourable posi- 
tion. The figures he arrived at were as follows : — 

1888. Barometer. Thermometer. 

January 2994 2312 

February 2983 2226 

March 3001 2617 

April 2985 1971 

May 2990 1727 

June 2982 1546 

July 2984 1518 

August 2974 1512 

September 2986 1646 

October 2983 1839 

November 3030 2168 

December 2979 2340 

Means 2989 1952 

The figures represent an equivalent of 1^ Fahr. 

Mr. WHIPPLE inquired regarding the number of beats recorded by the 
* cbrono-thermometer,* whether the records agreed on days with the same mean 
temperature. He tbought this instrument might be so constructed as to be made 
useml for recording the accumulated temperature in day degrees above and 
below 42°, on the plan adopted by the Meteorological Office. 

Mr. Stanley said that tne clock must register the number of pendulum vibra^ 
tious, and could not possibly go wrong in that respect, and in fact was more 
correct than any number of eye observations of temperature could be. He had 
no means of testing the accuracy of the pendulum vibrations in comparison with 
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thermometer readings, as no means had been tried to place a thermometer under 
like conditions, bat atf regards relative rates the chrono-thermometer, beinf^ a 
mechanical thing, mast repeat its action ander like surrounding conditions, that is, 
under the same temperature, as this is a factor that affects change only in its rate. 

Ifr. Stmons suggested that the daily values might be compared with the 
Greenwich mean temperatures. 

Mr. C. Habdinq thought that a comparison with the results obtained by the 
Harmonic Analyser would test the wornng of Mr. Stanley's instruments. 

Mr. Curtis remarked that the daily mean obtained bv the use of the harmonic 
analyser was practically the same as would be obtained from twenty-four hourly 
measurements of a barogram, such as might be found in a volume of Greenmeh 
ObtervaUons ; and theretbre, he thought, a mean obtained from the latter ought 
to be fairly comparable with the mean pressure obtained by Mr. Stanley's arrange- 
ment. 

The Pbesident (Mr. Ellis) said that the late Prof. Rankine had, some years 
ago, proposed an arrangement somewhat similar to Mr. Stanley's chrono-oaro- 
meter, a description of which is contained in the Philosophical Magazine for 1888, 
Vol. 6, the title of the paper being ** On a proposed barometric pendulum for the 
registration of the mean atmospheric pressure during long perioas of time." His 
proposal was to attach a siphon-barometer to a revolving pendulum, but it is not 
known that it was carried into effect. 



PROCEEDINGS AT THE MEETINGS OP THE SOCIETY, 

January 20th, 1886. 

Annual General Meeting. 

Robert H. Scott, M.A., F.R.S., President, in the Chair. 

Mr. T. W. Baker and Mr. C. H. Cotton were appointed Scrutineera of the 
Ballot for Officers and Council. 

Dr. Tripe read the Report of the Council and the Balance Sheet for the past 
year (p. 72). 

It was proposed by the President, seconded by Dr. Tripe, and resolved : — 
<* That the Report of the Council be received, and adopted and printed in the 
QuarUrkf Journal of the Society." 

It was proposed by Mr. Lauqhton, seconded by Mr. Beaufort, and re- 
solved: — "That the best thanks of the Royal Meteorological Society be com- 
municated to the Council of the Institution of CivU Engineers for having granted 
the Society free permission to hold its Meetings in the rooms of the Institution.** 

It was proposed by Lieut .-CoL. Brooke, seconded by Mr. Brewin, and re- 
solved:— "That the thanks of the Society be given to the Officers and other 
Members of the Council for their services during the year.*' 

It was proposed bv Dr. Marcet, seconded by Captain Totnbee, and re- 
solved : — ^* That the tnanks of the Society be given to the Standing Committees 
and to the Auditors ; and that the Committees be requested to continue their 
duties till the next Council Meeting.** 

The President (Mr. Scott) then delivered his Address, (p. 65.) 

It was proposed by Mr. Ellis, seconded by Mr Eaton, and resolved:—*' That 
the thanks or the Society be given to the President for the ability and courtesy 
displayed by him in the Chair during the past year, and for his Awess, and that 
be DC requested to allow it to be printed in the Quarifrfy Journal of the Society." 
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The Benitineen declared the following gentlemen to be the Officers and 
Conncil for the ensuing year, via. :— 

Fratideiit 
WiLUAM Ellis, FJi JLS. 

Vioe-Preaidents. 

Qbobgb Chattbrton, M JL., M.InBt.G.£. 
Edwabd Mawlby, F.R.H.S. 
Gborqb liATHBWS Whipplb, B.Sc., F.RJLS. 
Charlbs Thbodorb Williams, M.A., M.D., F.R.C.P. 

Treasurer. 
Hbnry Pbriqal, F.R.A.S., F.R.M.S. 

Trustees. 

Hon. Francis Albbrt Rollo Russbll, M Jl. 
Stbphbn William Siltbr, F.R.G.S. 

Seeietiries. 

GsoRaB Jambs Stmons, F.R^. 

John Wiluam Trifb, M.D., M.R.G.P.ED. 

Voveign Secretftiy. 
Robbbt Hbnby Qoott, M JL, F.R.B.| F.a.S. 

GouaeiL 

Edmund Douolas Archibald, M.A. 

William Morris Bbaufobt, F.R.A.S., F.R.G.S. 

Abthur Brbwin. 

Frbdbrio Wiluam Cory, M.R.C.S. 

Hbnry Storks Eaton, M.A. 

Charles Harding. 

Richard Inwards, F.R.A.S. 

Baldwin Latham, M.InstCE., F.G.S. 

John Knox Laughton, M.A., F.R.G.S. 

Wiluam BiARCET, M.D., F.R.S., F.C.S. 

Cuthbbrt Edgar Peek, M.A., F.R.A.S., F.R.G.S. 

Capt. Henry Toynbee, F.RJI.S., F.R.G.S. 

Mr. Scott haying left the Chair, it was taken by the newly elected President, 
Mr. Ellis, who thimkedtiie Fellows for the honour they had done him in electing 
him to that office. 



Fbbeuary 17th, 1886. 

Ordinary Meeting. 

Wiluam Elus, F.R.A.S., President, in the Chair. 

Gborob Buchanan, M.In8tC.E., Keston Tower, Keston, Kent ; 
Caft. Gbobob Hbnby Lbggbtt, Brisbane, Qaeensland ; 
Hbbbbrt Coupland Taylor, M.D., J.P., Todmorden Hall, Todmorden ; and 
James Tolson, Ormiston, Cleveland, near Brisbane, Queensland, 
were balloted for and duly elected Fellows of the Society. 

The following Papers were read, vis. : — 

<' General Remarks on thb Naming of Cu)UDS/* By Capt, H, Toynbee, 
F.R.Met,Soc.,FJULS. (p. 99.) 
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<< On the Thickness of Shower Clouds." By Arthub W. Clayden, M.A., 
F.G.8. (p. 102.) 

" On the Formation op Rain, Hail and Snow." By Arthur W. Clayden, 
M.A, F.G.S. (p. 106.) 

<' On Three Tears* Work with the < Ghrono-Barometer ' and * Chrono- 
Thermometbr; 1882^.** By William P. Stanley, P.R.Met.Soc., P.G.S. 
(p. 116.) 



CORRESPONDENCE AND NOTES. 

Formation op Ice upon Water considerably above the Freezino Point. 

The Assistant-Secretary, Royal Meteorological Society. 
My dear Sir, 

Yesterday morning I had occasion to note a phenomenon which I have 
never seen alluded to in any books accessible to me. 

There is a small well in my garden, the temperature of which I have for some 
years been in the habit of observing. It appears to be supplied by percolation of 
the water that has drained through the hul above, rather than by any actual 
spring. If emptied below its normal level it fills again at the uniform rate of 
i inch per hour. The surface of water is 3 feet square ; and the normal depth is 
1 foot 2 inches. Only about half the surface of the water is directly exposed to 
the air : tiie rest being covered over by a stone roof and soil thereupon. The 
surface of the water is 1 foot below the path which runs close by. 
' . The water in the well thus situated has the local reputation of never having 
been known to freeze. Certainly it has never had ice upon it, since I have 
registered its temperature, until tiie present month. 

On January 20Ui, 26th and 27th, 1880, the temperature of the water fell to 
38^*7. This is the lowest yet recorded. The exceptionally low temperature of 
this mon^ was due to the cold of December 1879 ; from which the water had 
had no time to recover when the January spell of cold weather set in. 

In January 1881 (which was preceded by a warm December) the lowest reading 
was 39^*5, on the 22nd. The readings of the dry and wet bulb at the same hour 
were 19^0 and 17°*5 respectively. (I call special attention to the fact that this 
was a very diy atmosphere for this station.) From January 13th to 16th the 
mean 9 a.m. reading was 22^2 : and the water was never below 41^*5. Similarly 
from January 18th to 22nd the 9 a.m, readings averi^ed 24'''2 : but the water 
only fell below 40^-5 on the 22nd, and recovered to (V*'0 on the 23rd. On the 
26th it fell to 2^7. 

On March 23rd, 1883, it feU to 4(H). 

These are the only occasions on which it has faUen to 40° or lower since 
December 1879. 

Therefore, on Tuesday last, March 9th. I was much surprised to find the 
surface covered with an excessively thin fikn of ice : while the temperature at 
the bottom was 39^-0— a fall of O^'-S in the twenty-four hours. 

I did not think of making special observations at the time ; but it occurred to 
me afterwards that it would be interesting to ascertain how far downwards from 
the surface the layer of chilled water extended. 

Yesterday morning there was again this same thin film of ice. I therefore 
inserted the thermometer very carefully, so that the bulb was only just covered 
by the water. The bulb is a small one (the thermometer being the maximum of 
one of Casella*s pair of" Travelling Thermometers,'*. No. 108), so that the bottom 
of the bulb was, in this position, less than ^ inch below the surface, while the 
neck was just on a level with the film of ice, with which the boxwood frame was 
in actual contact ; and the bulb was not more than | inch out of contact. The 
temperature in this position was 38^-5. The temperature i^t the bottom was 39*'*5, 
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I then took the thermometer out of the water, and when it had fallen to 33^-0 
I re-inserted it, so that the bulb was half in and half out of the water, and thus 
was partly exposed to the temperature of the air, which at that time was 32°'5 
dry-bulb, and 29**'7 wet-bulb. The temperature at once rose to 37®'7. 

It was plain, therefore, that the under surface of the ice film was in actual con- 
tact with water at 38^*0, or possibly rather more. 

I then broke the film, which melted and disappeared at once. In five seconds 
at most no ice was left 

What I wish to aric is — ^How is it that ice can exist at all in absolute contact 
with water at 38°, and with the temperature of the air above it at all events not 
below freezing-point? (On the 9th the temperature of the air was as high as 
Se^'-S, but the wet-bulb was 31^*7.) Is it that the unusual diyness of the air this 
year^ prodncine a very low dew-point on the surface of the water, renders it 
possible for a film of ice to be formed of absolutelv infinitesimal thickness, the 
upper surface of which is continually being renewed as fast as the under surface 
is dissolved by the water at 38° ? 

In this case we have, as it seems to me, the nearest approach possible to a 
geometrical superficies<»length and breadth, but with a practically inappreciable 
thickness. 

In any case I think that mj experiment raises some questions which are 
well worthy of systematic expenments under artificial cold. 



Maker Vicarage, Devonport, 

March 15th, 1886. 



Very truly yours, 

P. H. Nbwnham. 



A SlMPLi Snow-Gauqb. By Wiluam F. Btanlst, F.R.Met.8oc., F.G.B. 

Every meteorologist knows the tedious, unpleasant, and uncertain process of 
collecting snow from a rain-gauge, but in the Soum of England, particularly 
where a considerable fall is exceptional, the average observer does not care 
to go to the expense of a costly apparatus. Mr. W. F. Stanley's snow-gauge is 
as simple as it is inexpensive. It consists of an ordinary tin saucepan, £rom 
which the handle of the lid has been removed, and a circular hole cut with a pair 
of cutting compasses exactly to correspond in diameter with the edge of the 
ordinary rain-gauge. By running a copper bit round the newly cut edge, 
so as to tin it, the gauge will be preserved from rust. To measure the fkd 
the saucepan is taken indoors, set by the fire, and its contents gauged in 




the ordinary way. A saucepan with a 5-inch disc cut out of the lid need 
only cost one shilling. As the saucepan gauge might be required to be taken 
indoors durine a fall of snow, it is better to have two for winter use. This 
gauge would be more durable, of course, if made in copper ; but this would be 
more expensive. 



Note on Richard's Thermograph and the Results it yielded for 1885 at 
Geldbston, Beooles. By E. T. Dowson, F.R.Met.Soc. 

This *' Note " relates to results derived in 1885 from a thermograph by Richard, 
of Paris, made according to a desien suggested by Mr. G. M. Whipple, F.R.A.S., 
for recording both dry and wet bulb temperatures on the same cylinder, one above 
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the other. The instrument, which worked "very satisfactorily " at Kew, is con- 
structed briefly as follows, and is placed in a screen of the Royal Meteorological 
Society pattern, 15 ins. by 24 ins. by 20 ins. (inside), with the usual standard 
instruments. 

Each thermometer consists of a very thin curved metal case (a Bourdon tube) 
about 2^ ins. long and 1| in. wide, containing alcohol, one end of the thermometer 
being a fixture and the other movable. As the alcohol expands or contracts with 
the changes of temperature it alters the form of the curve of the thermometer, 
making it flatter or otherwise. The movable end of the thermometer answers to 
these iterations, and communicates them, by means of a metal rod, to a lever 
carrying a pen which inks correspondingly on a graduated paper wound on a cvlin- 
der, 3| ins. in diameter, containing a clock which turns it round once in seven days. 
With the exception of the thermometers the instrument is enclosed in a metal 
case. The wet-bulb thermometer is covered with muslin, and is kept moist by a 
water vessel below into which the muslin dips, and also by a capillary siphon 
from a second water vessel above. The two thermometers are placed side by side, 
but inasmuch as they are curved reversely, they are as far apart as circumstances 
permit. 

Corrections have been applied for any error in starting the pen, and also for 
the time errors observed at 9 a.m. and 9 p.m., which are not constant, and in the 
dry-bulb sometimes amount to 40 minutes or more, while in the wet-bulb they 
sometimes exceed an hour ; in addition to these the wet-bulb thermometer requires 
a correction of 10°, since its pen is fixed IQP below the dry-bulb to avoid contact. 
The tabulations of the drjr and wet bulbs have been made throughout theyear, 
and the maximum and minimum for each month obtained t^ given in the "iuible, 
but only the 9 a.m. readings of the wet-bulb for January and July have been 
tabulated. 



Ck>ICrABI80N0rBl8UIff8nK»IABl0BABI>THBB]C0aBtfBWIXa SxAiDMao 



1885. 



gaon. 



9 pan. 



I 



0> 



^jftyiffHlpt, 



^^I f ^fiiM^m ^ 



January 
February 
Mareh .. 

April 

May 

June 

July 

August .. 
September 
Ooiober ... 
November 
Peoember 



35-6 
41-4 

49-6 
50-9 
6o*6 

559 
467 

43'4 
377 



357 
41-5 
41-3 
49*4 
50-8 
60-4 
635 
60*0 

46*2 
43*4 
37-3 



0*0 

-)-0'2 

4-OT 

-j-0*2 

GO 

o*o 

-j-O'2 

+05 
0*0 

+04 



37-0 
437 

'^ 

464 
54-8 
58*0 
547 

^V 
461 

428 
383 



42*8 

37-6 
436 
464 
54-6 
58-2 

547 
53a 
456 
42-9 
381 



o 

CO 

O'X 

-(-0*1 

4-0*2 
0*0 

-fo-2 
0'2 
0*0 

X 



50*6 
55-6 
56-0 
71-9 

74'5 
82-0 
805 
76'x 
73-8 

64*0 

58-x 
50-4 



50-8 
55-9 
55*6 
7i'9 
74-0 
8x*o 
79*9 
759 
733 
62*9 

57'9 
497 



-^•3 

+0-4 
o»o 

05 

■4- I'D 

--0-6 
+0*2 
5 

+X'X 



+07 



23*4 
315 
27*0 

275 
3i'5 
39*5 
4i'o 
39a 
33'9 
35-6 

33-5 
23*0 



21^ 
30*8 
26*0 
26*0 



"X-5 

.^7 

-.1-5 



307 - -o'8 



38-0 
40-5 
383 
31-8 



34'» --i'5 



331 
»9'9 



"i'5 
+03 
9 

+2'I 



X 



48-9 



48*8 +o*x 46*3 46*2 -f^yx 66*2 657 1+03 



32*2 



30*8 4-x'4 



The Mean 9 a.m. Wet Thermometer ReadingH for Thermograph and Btandaid in 
January and July were recmeotively 35^*0 and 34^8, and 58^5 and 58*^x, showing a 
diilere&oe from Standard of -H>'''2 and •4-o°'4- 



On thb Influbncb of Forkstb on thb Cluiatb of Swbdbn. 

A YALUABLB Report on this sa^ect has been prepared by Dr. H. E. Hamberg, and 
printed as an impendix to the Report of the Forest Commissioners of Sweden for 
the year 1884. The observations were commenced in 1876, on the principles estab- 
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lished by Dr. Ebermayer in Bavaria, but Dr. Hamberg soon found that the mere 
comparison of the results obtained at the forest station with those yielded by its 
sister station in the open country was insufficient to bring out all the peculiarities 
of forest influencCi and accordingly he added a third class of station, situated in 
a clearing in the forest itself (i^pen plats i skogen). The yarious results of 
these observations are discussed m a very exhaustive manner, and we must refer 
those interested in the subject to the Report itself. The author's conclusions, 
however, are very interesting and are reproduced here in full. 

" Our researches do not allow us to oetermine whether the presence of the 
forests on the whole contributes to increase or diminish the quantity of heat 
in the atmosphere, that is to say, to raise or lower its temperature. In fact 
we have been entirely unable to take in account either solar radiation or the 
radiation from the needles* and the points of the trees. Until we are able to 
ascertain the quantity of heat which escapes from these surfaces, and its relation 
to that escaping from other surfaces, it is ouite impossible to determine with 
certainty the influence of the forest on such an important subject as the mean 
temperature, and must confine ourselves to approximate estimations. Among 
the various siurf aces which are met with in Sweden the most important are 
assuredly water, bare ground or rock, soil covered by herbage, and finally 
forest Neither the surface of the lakes and sea nor the bare soil of town 
streets have any resemblance to the forest: the climate of. the latter bears no 
similarity to a maritime climate or a town climate. A forest may best be 
considered as an instance of vegetation on a gigantic scale, as is evident from 
the low temperature of the ground under the trees, and the freshness of the 
air in summer, especiallj^ in the evening and at night time, thus afibrdine 
evidence of active radiation. In this case the forest would be a source of cold 
rather than of heat. But here we are simply dealing with suppositions. 

<<From this point of view a forest is distinguished j&om all the other 
surfaces we have mentioned, in that it extends into a stratum of air lying far 
above that in which man lives and carries on all of his occupations which depend 
on climate, such as agriculture, &c. It should follow from this that whether the 
annual result of the presence of a forest be an excess or a defect of heat, the one 
or the other should, thanks to the winds, be communicated to a greater mass of 
air, and be less sensible in the stratum close to the ground. The thermic 
properties of other surfaces are more immediately available in the lower stratum, 
and consequently, from the practical point of view, exert a greater influence on 
the temperature of the earth and of its immediate vicinity. 

" If, then, we confine our consideration to that which from the practical point 
of view is perhaps the most important, the influence of forests on the state of 
temperature in the stratum in which man generally lives, in so far as this can be 
determined in the ordinary way by thermometers, I think that our reply for this 
country (Sweden) will be less uncertain, and it is as follows :— 

" In the districts of our country which are open and are cultivated, durine the 
annual interval of cultivation, a forest lowers the temperature of air and soil 
during evenings and clear nights, restricting the period of daily insolation and 
thereby checks vegetation. 

" The other influences of forests on temperature are either so slight that they 
possess no practical importance, as eg, the moderation of cold in winter, or else 
are of such a character that they elude the ordinary mode of observation, by 
thermometers. Among the effects of this nature we may mention the well-known 
fact that forests afford shelter against cold and violent winds, to vegetation 
which would suffer from these winds, or to objects whose temperature is Iiigher 
than that of the environment, as for instance the human body. It is in this last 
respect that the Swedish saying is true^ namely that ' the forest is the poor man's 
cloak.* In certain cases it may also yield protection against the cold air or fog, 
which on cold nights comes from districts in the vicinity which are visited by 
frost. The advantages on the score of temperature derivable from the forest 
may therefore be considered to resemble that obtainable from a wall, a palisade, 
a hedge, or any object of that nature. 

'*0n the one hand a forest, where it is close by offers mechanical pro- 
tection against cold and violent winds. On the contrary, it does injury either 

I TlieVMistsditltirithwwscatir^ofpiiieatndfln. 
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by retaining the solar heat required by crops, or by lowering the temperature of 
the soil during clear nights and thus favouring the development of hoar frosts. 
At a distance forests have no sensible influence on the climate of Sweden. 

" If we wish to put these results to a practical application, it is impossible to 
say in general whether one should, or even could, clear the forest without injuring 
agriculture. But it appears that as regards the temperature, if we disregard the 
utility of forests in otner directions, we might make extensive clearances without 
any prejudice to agriculture. It is certainly not a mistake to say that our best 
cultivated districts are the freest from wood, nor is it a mere chance that the 
harvests are, on the whole, more sure in the open country than in the forest. In 
the event of a bad harvest it is, as I well know, the wooded districts which have 
suffered most. At the same time I must at once admit that these provinces are 
also influenced by other powerful physical factors, possibly even more active than 
forests, such as an elevated situation, a bad soil, the presence of swamps, &c. 
But nevertheless it appears to me, after all that has been said in the preceding 
pages, that the forest nas some bearing on the subject. 

" At the present dav, the words spoken 130 years ago by Pastor P. Hogstrom, 
and at that time member of the Swedish Academy, are very generally applicable, 
inasmuch as it has been found that cultivation can to a great extent remove from 
a district its tendency to hoar-frost ; this same result has f requentl]^ been obtained 
by draining or by clearing the forests, particularly those of deciduous ^ timber, 
where the fogs, especially those which bring on frosts, appear to have their origin 
and their aliment. On the contrary, a pine forest is an excellent shelter against 
cold, especially when it can stand between the country and marshes or surrounding 
districts where the cold has its rise. If, however, the forest interferes with 
sunshine and with wind it should be cleared. It results, therefore, that while in 
some districts the clearing of a forest has been beneficial in averting hoar-frost, 
in others the result has been directly the opposite.^ 
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Amsrioan Meteobolooigal Joubnal. a Monthly Beview of Meteorology, 
Medical Climatology, and Geography. Vol. U., Nos. 9-11, Jannary- 
Maroh 1886. 8vo. 

The principal articles are:— The Araf;o-Davy Actinometer, by W. Ferrel 
(5 pp.). This is the conclusion of an article on the black and bright bulb solar 
thermometers commenced in a previous No. — On the determination of the true 
air temperature (14 pp.). This is the translation of a paper by Dr. H. Wild from 
the ZeiUchrift fttr Meteorologies with interpolations by Mr. H. A. Hazen. — 
Electricity of Thunderclouds, by P. Morrill (7 pp.).— The Mountain Meteoro- 
logical Stations of Europe, by A. L. Rotch (22 pp.). The author, who is the 
Proprietor of the Blue Hill Observatorjr, Readville, Massachusetts, visited Europe 
last summer to make himself acquainted with the methods, etc. in use at the 
various mountain observatories. He now gives an account of tiie observatories 
he visited, and in these Nos. describes the stations at the Brocken, Schneekoppe, 
Wendelstein, Hoch Obir, Sentis and Rigi. — ^An Experiment in Long Range 
Prediction, by H. H. Clavton (7 pp.).— A Winter Joum^ on the Northern 
Pacific Railroad, by M. W. Harrington (12 pp.).— Foreign Studies of Thunder- 
storms, by W. M. Davis (10 pp.).— Observations on the Son-glow and related 
Phenomena, by G. H. Stone (6 pp.). 

Annalbb du Bubbau Cbntsal MftTiftoBOLOOiQtTE DB Frangb, pttblidoB par 
E. Masoabt, Directenr. Annde 1888. Farts m. and IV. 4to. 1885. 

Part III. (336 pp. and 6 plates) is devoted entirely to Rainfall. The number of 
ridnfall stations in France in 1883 was 1716. This Part gives the daily falls at 
about 920 stations, and is accompanied by seventeen charts, showing the monthly, 
quarterly, and yearly distribution of rainfall. 
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Part IV. is devoted to general Meteorology, and contains the following papers:— 
Observations MSteorologiques faites dans les Postes et les Consulats fran9ai8e8 
(58 pp.) . The observations reported are from Trebizond and Samsoun, in Asiatic 
Turkey ; Port Said and Ismailia, in E^ypt ; la Can6e, in Crete ; las Palmas ; St. 
Denis, R6anion ; Naos, &c. — Observations MSt^orologiaues faites dans la Region 
da Haat S^egal et le Bassin da Niger, par Dr. Laferridre (10 pp.)- — Sar la 
Distribution des Plaies dans I'Afriqae Meridionale, par V. Raulin (20 pp. and 
2 plates). — Etudes sur la position des grands centres d*action de TAtmosphere 
au printemps, mois de mars, par L. Teisserenc de Bort (26 pp. and 24 plates). 

Annuaibb de la Qodtri MiT6oBOLOGXQX7B DE Fbangb, March-May 1886, and 
January 1886. 4to. 

Contains: — Sch^mas simplifies des mouvements atmosphSriques dans les 
differents regimes d*hiver, par A. Poincar6 (14 pp.). — Comparaisons entre^ les 
observations qu*on pent faire dans des lieux voisins, mais dans des conditions 
diff^reiites, par E. Renou (2 pp.). — Date moyenne des vendanges si Bourges, par 
M. Dnehanssoy (2 pp.). — R6cnerches th6oriques sur la distribution de la chaleur k 
la surface du globe, par A. Angot (11 pp.). — Appareil pour observer couramment 
la direction et la vitesse des nuages, par P. Gamier (2 pp.). — Sur Temploi du 
D^phoscope de M. Hildebrandsson, par M. Fineman (3 pp.).— Sur la m6thode de 
mesurer les hauteurs et les mouvements des nuages, par N. Eckholm et K. L. 
Hogstrom (5 pp.). — Sur la distribution des pluies en Australie pendant la 
p^riode 1871-1880, par Y. Raulin (12 pp.). 

Annuaibb de l'Obsebvatoibe Botal de Bbuxblles, par F. Folds, Directenr 
de rObservatoire, 1886, 58me Ann^e. 8vo. 1885. 814 pp. 

M. A. Lancaster contributes a paper (75 pp^ giving results of meteorological 
observations made at Brussels dunng the hfty vears 1833-1882. The present 
paper is devoted entirely to the temperature of the air. The mean monthly 
results are as follows : — 

Jan. Feb. Mar. April May June July Aug. Sept. Oct. Kov. Deo. Tear. 

Max. 40*3 48-5 4§-4 6^-9 &S 7f-2 78-6 72*1 66-0 67-4 47*5 4!-9 6&*9 
Min. 820 84*2 86-8 41-5 47*3 640 66-8 66*5 62-2 45*9 886 84*0 441 
Mean. 861 38*8 42-4 49*2 55-9 62-6 65*2 64-8 591 51*6 480 37*9 60-5 

The highest temperature observed during the fifty years was 95^*4 on July 
19th, 1881, and the lowest was -4''-4 on Januaiy 25th, 1881. 

A Plba fob the Bainband and the Bawband vindicated. By J. Band 
Gapbon, F.B.Met.Soc. 80 pp. and 5 plates. 8vo. 1886. 

These two articles were originally published in Symons*s Manihly Mekoro- 
logical Magazine. As they had attained a considerable circulation they have 
been reprinted and are now issued together in one volume. 

Bibuoth&que Univbbselle, Abohtves DBS SciENOEs Physiques et Natub- 
ellbs. Troisi^me Periode. TomeXY. No. 1. January 1886. 8vo. 

(Contains : — Etude sur la teinp^rature des eaux et sur les variations de la tem- 
perature du globe, par Dr. A. Woeikof (21 pp.). 

Bbief Sketch of the Meteoboloot of the Bombay Pbesidenot in the year 
1884-85. By F. Obambbbs, Meieorologioal Beporier for Western India. 
Foolscap folio. 1885. 

The meteorology of the year was characterised by several well-marked devia- 
tions from the normal conditions of an average year. The monsoon rains were 
very late in settinsr in, and were consequently deficient in the early part of the 
rainy season, but neavy rain falling later, either nearly made up the average 
yearly quantity or produced an excess in all districts, except the frequently 
drought-stricken tract in the east of the Deccan, where the fall was below the 
average until very late in the season. The irre|pilarities in the rainfaU distribu* 
tion were accompanied by the ububI barometric indications. 
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GiEL ET Terbb. Beme popolaire d'Astronomie, de M^teorologie ei de 
Physiqae da Globe. Janvier-Mars 1886. 8yo. 
Contains :— Coup d'oeil sur lliistoire et lea m^thodes de la M6t6orologie, par 
Dr. W. von Bezola (7 pp.). — La hauteur des nuages (12 pp.). 

Ebbbz FniiD Club — Spboial Mbhoibs. Vol. 1. Rbpobt om the East 
Anouan Eabthquake of Apbq. 22md, 1884. By Raphael Meldola, 
F.C.S.» and W. White, F.E.S. 224 pp. Maps and other iliostrations. 
8vo. 1885. 

This is a very fall, careful and exhaustive Beport on the severe earthquake 
which was felt all over the eastern part of England on the morning of April 
22nd, 1884. The shock occurred between 9*17 and 9.18 a.m., and the main axis 
of ^ damage had a general direction North-east to South-west, extending from 
Wivenhoe to Peldon, with maxima of intensity at those two places. The 
number of buildings damaged was between 1,200 and 1,300, including 20 churches 
and 11 chapels. 

Meteobolooisohe Zeitsohbift. Heraasgegeben von der oesterreichischen 
Gtesellschaft fiir Meteorologie and der deatschon meteorologischen 
Oesellschaft. Redigirt von Dr. J. Hank and Dr. W. EdpPEM. Dritter 
Jahrgang 1886. January to March. 4to. 
This is the commencement of the joint publication of the Austrian and Gkrman 
Meteorological Societies. The% Nos. contain articles on the following sub- 
jects : — KUma an der Lenamftndung, nach einjahrigon Beobachtungen, von Dr. A. 
Woeikof (7 pp.). This is a discussion of the observations made at Sagastyr, at 
the mouth of the Lena, which was one of the Russian Polar Stations. The 
station is protected by hills from the coldest winds, and yet the air is more 
generally m motion than in the valleys in the interior, so that the cold is not 
nearly so intense. The weather is decidedly variable, cloud being most frequent 
in summer, as is usually the case where ice is melting. — Die auffaflende Abender- 
scheinungen am Himmel im Juni und Juli 1885, von 0. Jesse (19 pp.). — Die 
mittlere Bewegung der oberen Luf tstrome, von Dr. H. H. Hildebrandsson (5 pp.). 
The author's conclusions are (1) the mean direction of cirrus in Europe lies 
between South-west and North-west ; (2) in winter it is more northerly than in 
summer ; (3) this northern component is especially marked in Sweden and on 
the north coasts of the Mediterranean ; ana (4) the direction of this upper 
current agrees with that of the depression tracks. — Der Fohnsturm vom 15 und 
16 Oktober, 1885, und seine Wirkungen im bayerischen Gebirse, von Dr. F. Erk 
(8 pp. and plate). This is an account of the storm described by CoL Ward (see 
p. 551. — Ueber Wellenbildungen in der jahrlichen Feriode der Luftemperatur, 
von A. Magelssen ^7 pp.). This is an attempt to show that there are regular 
waves perceptible m Uie temperature curves for all stations, from which the 
author states that he can foresee the character of the seasons. The periods 
and the amplitudes of these waves are, however, subject to variations as yet 
unexplamea, which render prophecy insecure. — Einfluss des Mondes auf die 
Meteorologischen Elemente nach den Beobachtungen zu Batavia, von J. Limar 
(8 pp.). — Beitrage zur Kenntniss der Vertheilun^ des Luftdruckes auf der Erdo- 
berflache, von Dr. J. Hann (16 pp.). This is a discussion of the existing 
materials for pressure charts m unfrequented regions. Dr. Hann makes an 
appeal to England to discuss fully the records from the stations established by 
Sur H. James, and turned over in 1862 to the Army Medical Department The 
paper gives means for the Arctic Regions, Eastern Asia, Australia, New Zealand, 
the West Indies, and the Levant. — ^Phanologische Studien, von Dr. H. Hoffinann 

Spp. and plate). — Karte der Aufblfihaeit von Syringa Vulgarti in Europa, von 
. £. Ihne (2 pp. and plate). 

Monthly Weatheb Beview (General Weather Service of the United States). 

October-December 1885. Prepared by Lieat. H. H. 0. Dumwoodt. 

4to. 1885-86. 
Referring to the use of the terms *< eydones,** ** areas of low pressors,** 
'* tornadoes, &c. it is stated that the following brief definitions hare been re- 
cononended for general use in the AeviiMr^-'' it is advised that the terms ' areas 
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of high pressure * and ^ areas of low pressure ' be used in publications describing 
the location of either feeble or decided minima or maxima of atmospheric pres- 
sure, but upon the occurrence of distinct cyclones, as defined below, the term 
* cyclone ' should be used in descriptions. A cyclone is a large, gyratory storm, 
generally from 500 to 1^000 miles, or more, in diameter, with a considerable area 
of low pressure in the interior. A tornado consists of a very small and violent 
gyration of air, generally much less than a mile in diameter, with a rapidly as- 
cending cun-ent in the centre, and a low atmospheric pressure very near the 
centre, although there is generally too much violence of agitation for it to be 
observed, and it is specially marked by a characteristic funnel-shaped cloud with 
a progressive movement." 

Pbofessional Papebs of the Signal Sebviob. — ^Prepared under the direction 
of M^jor-General W. B. Hazbn, Chief Signal Officer. 4to. 1886. 

No. XVf. Tornado Studies for 1884, by Lieut. J. P. Finley. In addition to a 
brief history of the tornadoes occumng during the year 1884, this paper pre- 
sents a senes of charts showing the relation of tornado centres to areas of 
barometric minimum. The author gives the following conclusions as the result 
of his studies : — 1. That there is a definite portion of an area of low pressure 
within which the conditions for the development of tornadoes is most favour- 
able, and this is called the dangerous octant. 2. That there is a definite relation 
between the position of tornado regions and the region of high contrasts in 
temperature, the former lying to the south and east. 3. That there is a similar 
definite relation of position of tornado regions and the region of high contrasts 
in the dew-point, the former being, as before, to the south and east. 4. That 
the position of tornado regions is to the south and east of the region of high 
contrasts of cool Northerly and warm Southerly winds, a condition that appears 
to be dependent upon the preceding, and is of use when observations of tem- 
perature and dew-point are not accessible. 5. The relation of tornado regions 
to the movement of upper and lower clouds presents some interesting points 
for study, but, as yet, no decided results. 6. The study of the relation of 
tornado regions to the form of barometric depressions appears to show that 
tornadoes are more frequent when the major axes of the barometric troughs 
trend north and south or north-east and south-west, than when they trend east and 
west. — No. XVm. Thermometer Exposure, by H. A. Hazen (32 pp.). 

Repeetobium fub Meteobolooie. Heransgegeben von den Eaiserlichen 
Akademie der Wissenschafben. Bedigirt von Dr. H. Wild. Band IX. 
4to. 1885. 

Contains : — Ueber den jahrlichen Gang der Temperatur-Anomalien in den 
europaischen Cyclouen, von P. Braunow (19 pp. and plate.) — Ueber die Zuver- 
lassigkeit der Haarhygrometer auf meteorologischen Stationen in Russland, von 
R. Bergmann (30 pp.).— Die Vertheilung der Winde an den KOsten des 
Schwarzen und Asowschen Meeres, von J. Spindler (66 pp. and 6 platesV — Ueber 
kleine unregelmassige Barometer-Schwankungen, von A. Schdnrock (10 pp. and 
plate).— Einfiuss der Qualitat und Aufstellung auf die Angaben der Kegenmesser, 
von H. Wild (23 pp.).— Jahresbericht des physikalischen CentraT-Observa- 
toriums fur 1883 und 1884 von H. Wild (1 14 pp.). 

Repobt of the Intebnational Polab Expedition to Point Babbow, Alaska. 
4to. 1885. 695 pp. 

Lieut. P. H. Ray, who commanded this expedition, was present at the Meeting 
of the Roval Meteorological Society on May 21st, 1884, and gave an account of tho 
doings of the Expedition, which is printed in the Quarterly Journal^ Vol. X. 
p. 262. The present Report is a most extensive and valuable one, and rendered 
more interesting by a number of coloured sketches. The work is arranged 
under the following divisions: — 1. Orders and Instructions; 2. Narrative; 
3. Ethnographical sketch of the natives of Port Barrow (including vocabulary 
and list of ethnological specimens collected) ; 4. Natural Historv ; 5. Meteoro- 
logy (including Aurora) ; 6. Magnetism ; 7. Tides ; and 8. Miscellaneous Obser- 
vations. 

NEW SEBIES. — VOL. Xn. I 
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Repobt of the Meteorological Council to the Botal Society for the 
year ending Slst of March 1885. 8yo. 1886. 180 pp. and 12 plates. 
In addition to the Report on the work done in the Meteorological Office during 
the year, this contains a number of Appendices, some of which give information 
on the following points : — Method followed in the collection of data from ships ; 
Reports on the inspection of the stations in 1884; Method of dealing with 
telegraphic weather intelligence ; Comparison of the Forecasts with the weather 
subsequently experienced in the different districts ; and Methods followed in 
dealing with the land meteorology of the British Isles. 

Bepobt on the Administbation of the Meteobologigal Depabtment of 
THE GoYEBNMENT OF India in 1884-85. Folio. 102 pp. 
Mr. filanford prefaces his Report for the year with a general review of the 
progress achieved by the department during the ^vq years 1880-85. He then 
gives his Report on the work done during the year, which is followed by the 
Reports of the Meteorological Reporters of the various Provinces. 

Bymons*s Monthly Meteobolooical Magazine. Nos. 240-242, January- 
March 1886. 8vo. 
Contains : — Rainfall in South Africa, by W. B. Tripp (4 pp. and plate). — 
Thunderstorms in Russia (3 pp.). — Mr. Aitken on Dew (5 pp.). — Rainfall at 
Smyrna (2 pp.). — ^The frost of January 1886 (1 p.). — The great Snowstorm, 
February 28th to March 2nd (5 pp.). 

The Rosabian's Yeab Book fob 1886. Edited by the Bev. H. H. 
D'Ombrain. 8vo. 1886. (87 pp.) 
This contains an article by Mr. E. Mawley on the Rose Weather of 1885 
(14 pp.). 

The Tbansactions of the South Afbican Philobophical Socosty. Vol. UI. 
Part 2. 1888-86. 8vo. 1886. 
Contains : — Irrigation on the Visch and Zah Rivers, Calvinia and Fraserburg 
Divisions, by Capt. J. A. Balfour (4 pp ).— On disturbances to thermometer read- 
ings from local causes, by A. Smith, M.A. (4 pp.). —Catalogue of printed books 
and papers relating to South Africa. Part II. Climate and Meteorology. Com- 
piled by J. a Gamble (46 pp.). 

Tbansactions of the Hebtfobdshibe Natubal Histoby Society and Field 
Club. Vol. in. Part 7. December 1885. 8vo. 
Contains : — Meteorological Observations taken at Throcking, Herts, during 
the year 1884, by the Rev. C. W. Harvey (8 pp.). — Report on the Rainfall in 
Herttbrdshire in 1884, by the Rev. C. W. Harvey (8 pp.). 

Tbansactions of the Sanitaby Institute of Gbeat Bbitain. Vol. YI. 
1884-5. 8vo. 517 pp. 1885. 
This volume is largely devoted to giving an account of the proceedings at the 
Congress held by the Sanitary Institute at Dublin from September 30th to 
October 4th, 1884. In Section III. a paper was read by Mr. G. J. Symons, P.R.S., 
on the Rainfall of Ireland (3 pp.). The broad general features of the rain- 
fall are briefly these, viz. That most places within about 60 Irish miles (77 
English miles) of the South or West coast have upwards of 40 inches of rain per 
annum, and that Central, East and North -East Ireland have between 30 and 40 
inches^ Dublin being almost, if not absolutely^ the driest place in Ireland. 
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Bbief Histobical Aooount of the Babometeb. By William Elus, 
F.B.A.S., of the Boyal Observatory, Greenwich, Pi^sident. 

[Bead March 17th, 1886.] 

Some general notions in regard to the weight and pressure of air seem to have 
been entertained in ancient times, but as in other questions of natural 
science, without any real advance in knowledge until greater attention was 
given to the experimental method of inquiry. At length the evident 
inadequacy of preconceived ideas to explain rationally the action of the 
common pump led to such further study of the subject that Torricelli, either 
by his own reasoning or by suggestions from others, was induced, in the year 
1648, to make his celebrated experiment, when the barometer in its best form 
was at once created. Notwithstanding the time, thought, and labour that 
have been since expended, and the fertility of invention displayed in endeavour 
to improve, modify, and even supersede the old Torricelli tube, it still remains 
the most simple, as with our modem mechanical appliances it is also the most 
perfect form of barometer that we possess. Great as was the field of inquiry 
opened out by the discovery that the column of mercury was shorter in the 
anticipated proportion than that of water, it was not at the moment sus- 
pected that an instrument had at the same time l>een mvented, destined in 
after years to play so important a part in meteorological inquiry ; its uncon- 
scious discovery in this way being in strong contrast with the slow progress 
of its companion instrument, the thermometer, towards a satisfactory form, 
raw skews.— VOL. xn, R 
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Some little time indeed appears to have elapsed before it was even noticed 
that the height of the mercury in the tube was variable, or that the variations 
had any relation with ohanges in the weather. Then, as an old writer says, 
<< the curious began to make machines in order to observe these changes, some 
employing mercury and some water/'* But difficulties arose. Discordances, 
frequently of considerable amount, were found to exist in the height of the 
mercury in different tubes, discussion of the causes of which, as well as of 
the luminous appearance frequently observed in tlie vacuum portion of the 
tube, forms the 9ubject of numerous communications to the older scientific 
memoirs, besides which there was the imperfectly understood action of tem- 
perature. The siphon form of instrument would appear to have been early 
contrived, though in general abandoned as diminishing the range of motion of 
the mercury in the tube, the first ideas in regard to improvement, for such 
reasons as have been mentioned, running rather in the direction of endeavour 
to enlarge the scale. 

As regards a name for the new instrument, we read in the PhUosophwal 
Transactions for 1666, page 158, that ** Modem Philosophers, to avoid 
Circumlocutions, call that Instrument, wherein a Cylinder of Quicksilver, of 
between 28 and 81 Inches in Altitude, is kept suspended after the manner of 

the Torricellian Experiment, a Barometer or Baroscope to 

detect all the minute variations in the Pressure and weight of the Air. For 
the more curious and nice distinguishing of which small changes, Mr. Hooke 
in the Preface to his Micrography has described such an Instrument with a 
Wheel, contrived by himself, and, by these two last years' trials of it, con- 
stantly found most exact for that purpose." Hooke's instrument with a 
wheel and index is described, as mentioned, in his Micrographia published in 
1665, as well as in the Philosophical Transactions of the following year. This 
early form of instrument is sufficiently well-known to require here no further 
description. It would appear from these accounts that one line with single 
pulley only was used, not two distinct lines and a double pulley, as in later 
times. For common use the wheel barometer has been much employed, and 
was indeed used by Luke Howard, but its vitality has probably been in great 
measure due to the circumstance that some elegance of appearance can be 
more readily given to this form of instrument : now it is probably run rather 
hard in its struggle for existence by the more modern and favourite aneroid. 

In the Philosophical Transactions for 1666 there is further an account of a 
different kind of instrument, Boyle's ** new kind of baroscope, which may be 
called statical,'* a balance, carrying at one end a hermetically sealed thin and 
comparatively light glass sphere, and at the other a metal counterpoise, the 
angular deviation being measured by an index traversing a divided arc. He 
adds that, *^ this instrument being accommodated with a light wheele and an 
index (such as have been applyed by the excellent Dr. Chr. Wren to open 
Weather glasses . . . •), may be made to shew much more minute variations, 
than otherwise.*' Many years after, in the year 1871, Heller published in 

1 Trainee dea Bar(mitre8f ThermomUres, et Notiinn^trea. AmBlerdam, 1688, page 21, 
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the PhUotopItical Magazine an account of a '^ barometer without mercury," 
really a similar arrangement, a scale beam, to the ends of which were fixed 
two bodies nearly equal in weight but differing greatly in volume, a hollow 
sphere and a solid cylinder. 

One of the first proposals, independently of that of Hooke, for increasing 
the scale of the barometer, was that which has been ascribed to Descartes, 
although carried into actual execution by Huyghens, and consisted of enlarge- 
ment of the diameter of that portion of the tube about the upper end of tlie 
mercurial column, and the attachment of a supplementary tube extending 
upwards and containing water, the motion of the surface of which in the 
added tube magnified the variations of atmospheric pressure. This construc- 
tion proving unsatisfactory, independently of its awkward proportions, 
Huyghens in 1672 proposed another, known as the double barometer, in 
which, adopting the siphon form, the portions of the longer and shorter 
branches about the two ends of the mercurial column were both enlarged, an 
open supplementary tube extending upwards from the shorter open branch 
being added. Besting on the mercury and rising to a certain height in the 
tube, a mixture of water and aquafortis was placed, by which again a magnified 
representation of the variations of atmospheric pressure was obtained. In 
the year 1690 De la Hire proposed to vary the Huyghens arrangement by 
adding, at the upper end of the supplementary tube, a third enlargement, and 
employing above the mercury, instead of one liquid, two that would not mix, 
a portion of the upper fluid remaining always in the upper enlargement : thus 
the varying position of the point of division of the two liquids indicated the 
variations of atmospheric pressure. The same form had, however, been 
previously invented by Hooke, who, having early found the .action of his wheel 
barometer to be uncertain, had his thoughts, so long before as 1668, turned 
towards the contrivance of some other form of extended scale barometer. 
His double barometer, perfected in 1685, is described in detail in the Philo- 
aophieal Tramaction$ of the following year. He used in the same way two 
liquids, the variation of the point of division between which similarly 
magnified atmospheric changes. 

In the Traittez des Barometres, T/iermonietres, et Notionietreit to which 
reference has already once been made, an early form of portable barometer is 
described, one having a closed wood cistern, experience, as the author says, 
having shown that there was no necessity for openings in the cistern, the 
pores of the wood giving sufficient means of communication with the external 
air. 

The diagonal barometer, said to have been contrived by Morland, is one in 
which the upper part of the upright tube is inclined considerably to the 
vertical, for the purpose of increasing the apparent range. Ancient instru- 
ments of this pattern were to be seen in 1876 in the Loan Collection of 
Scientific Apparatus at South Kensington, and some instruments of this 
pattern have been recently made in London. Morland is understood also to 
have contrived the original form of balance barometer, in which the tube 
pnspended from one end of a beam or steelyard floated in a fixed cistern, the 
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other end of the beam indicating the barometric variations. This is a 
principle adopted in recent times in many patterns of recording instmments. 

Derham, in the Philosophical Transactions for 1698, refers to the diagonal 
form of barometer as '* a tube communicated to me by a friend which serreth 
for the more nice measuring the height of the mercury." He also describes 
a portable barometer in which the tube above the mercury about an inch from 
the top is pinched in to bridle the blow of the mercury against the top, the 
instrument being suspended on a tripod stand. Before this time it would 
appear that no means were employed for accurately indicating the precise 
height of the mercury. But Derham, in this year, 1698, proposed to use for 
this purpose a ** fine finger," a rack connected with which moved a hand, 
traversing an attached circular dial divided into one hundred parts corres- 
ponding to hundredths of an inch. Also in the same year Gray proposed to 
leave the barometer tube free, and read off the height by an adaptation of a 
double microscope furnished with a micrometer. This was supported by, and 
could be moved up and down on, a separate vertical rod. The obsen^er is 
directed to turn the screw which raises or lowers the microscope until he has 
brought the hair in the field of view <* to touch as it were the surface of the 
mercury." The upright scale is divided into tenths of an inch, lesser parts 
being read from a horizontal divided circular dial. The arrangement is, in 
principle, that of the modern cathetometer. 

The rectangular barometer in which the tube at the upper closed end is 
formed into a cistern, and the lower end extended as a narrow horizontal 
tube, with the object of increasing the range of motion, the principal aim in 
these times, is ascribed to J. Dominic Cassini and John Bernoulli. 

Amontons in 1688 contrived a diminished form of barometer in which the 
pressure of the atmosphere was sustained by the mercury contained in a 
succession of two or more siphon tubes of lesser height, the lower portion of 
one siphon being carried by an intermediate tube to the upper portion of the 
next, the connecting portions containing air. Increasing the number of tubes 
permits proportionate decrease of their height, but the difficulties attending 
the accurate construction of the instrument were too great to render it of any 
practical use. A construction similar in principle has been ascribed to 
Fahrenheit. The ingenious and more elegant conical barometer of Amontons 
is described in his Remarques et Experiences Physiqttes, published in 1695. 
This instrument was designed for use at sea, and consists of a single tube 
closed above, open below, and of diameter increasing gradually downwards. 
Decrease of atmospheric pressure causes the mercury in the tube to fall, the 
spreading out of the mercury diminishing its vertical height and measuring 
the new pressure. Amontons points out defects to which the instrument is 
subject, but, as showing important barometric changes, and as being better 
adapted for transport, he considered it more suitable for use at sea than 
other forms. Desaguliers describes it as having been much used, especially 
at sea.' And Halley, in the Philosophical Transactions for 1720, referring to 

} Experimental Philosophy, Vol. II, 
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barometers of the kind made by a Mr. Patrick, proposes that two such 
instruments, as nearly alike as possible, should be used in combination for 
measuring altitudes. 

Hooke*s marine barometer consisted of the use, in conjunction, of an air 
thermometer, on which pressure and temperature both acted, and a *' seaied *' 
thermometer a£fected by temperature alone, so that, by comparison, changes 
of pressure could be inferred — in principle the modem sympiesometer, as 
reinvented by Adie, and of which there are various forms. Halley in 1700 
says that he used Hooke*s instrument in his late southern voyage, and that 
'* it never failed to prognostick and give early notice of all the bad weather 
we had." Amontons in 1706 proposed in principle a similar construction 
also for use at sea. And various modifications of the same principle have 
been suggested. One is described by Desaguliers in the Philosophical 
Transactions for 1724 under the title of ** A new contrivance for taking 
levels," in which, to neutralize the e£fect of temperature, he proposed in using 
his instrument to place the principal part of it in water of a constant tem- 
perature. In these instruments the fluid used was some comparatively light 
liquid. But in the year 1828, Murray and Meikle separately made proposals 
for emplo^'ing mercury. Another instrument of the same class, including 
instrumental compensation for temperature, is Calantariento*s portable 
mercurial barometer. To which may be added that other recetitiy proposed 
and more satisfactory type of instrument, in which a definite degree of com- 
pression is measured, the Boylean-Mariotte portable barometer, by Macneiih 

Fahrenheit in 1724 remarks on the variation of the boiling point of water 
under different atmospheric pressures, the principle involved in the thermo* 
metrical barometer. 

Returning awhile to the wheel barometer, Le Clerc, in 1744, constructed a 
modified form of this instrument. A straight barometer tube was hung by a 
chain to a pulley provided with the usual index and indicating dial. But rise 
or fall of the mercury in the tube did not actually turn the pulley, and to 
make an observation the tube itself had to be raised or lowered, by rack and 
pinion, until a fixed mark on the tube was brought to coincide with the 
surface of the mercury within it. This operation reset the index, which con« 
tinned to occupy the same position until another reading was required. The 
same action of the pinion worked another rack carrying a short tube also 
dipping into the mercury, so that when one tube became raised the other 
was correspondingly depressed, whereby the constant level of the mercury in 
the cistern was to be maintained. The inventor called the instrument an 
equation barometer. But it is cumbersome in form, in this respect contrasting 
greatly with the elegant instruments constructed by Fitzgerald, and described 
by him in the Philosophical Transactions for 1761 and 1770. In the second 
and more elaborate of these two forms there are two pulleys, each having an 
index hand ; one revolution of the lower pulley corresponding to a change of 
three inches of atmospheric pressure, and one revolution of the upper pulley 
to a change of one inch of pressure. The pivots of the lower pulley moved 
each between three friction wheels, those of the upper pulley rested on two 
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friction wheels. Each pulley was also double. The line from the floal 
passed once ronnd the outer lower pulley, then passed to the outer upper 
pulley ; that from the counterpoise was wound in the contrary direction, but 
otherwise in a similar way round the inner lower and inner upper pulleys, so 
that when once adjusted the index hands could not be misplaced. The upper 
index hand, moving once round for one inch change of pressure, acted upon 
two other delicately balanced index hands, each carried on a separate circle 
concentric with the axis, both circles running on friction wheels. These 
additional hands were pushed backward or forward by the registering hand 
for record of extremes of pressure. The mechanical parts of both instru- 
ments were the work of the watchmaker Yulliamy, and appear to have been 
constructed with great care. The first form of instrument was exhibited to 
the Royal Society, and both are said to have worked well. 

The construction of barometer in which, by means of a screw acting upon 
a leather below the cistern or upon a leather bag m place of cistern, the 
mercury could be forced up to fill the tube, and so render the instrument 
portable, appears to be first mentioned by Rowning in 1744, in his Natural 
PhUoBophtjy being there spoken of apparently as an acknowledged form. 
Bourbon, in 1751, invented a similar construction, which was reported upon 
as being apparently similar to the English Sisson. A similar form is de- 
scribed by Desaguliers. Brisson, in 1755, constructed a barometer in which, 
when the instrument was placed vertical, the superfluous mercury in the 
cistern ran out of a small hole into a receptacle, thus ensuring a definite level. 
Other overflow cistern airangements were proposed by Lavoisier in 1770, 
Austin in 1700, Power in 1877, and by Negretti and Zambra in 1886. 

De Luc, about the middle of the last century, constructed with great care 
a siphon form of barometer, which he employed in mountain work to a con* 
siderable extent. The mercury was boiled in the tube. There were two 
scales, the divisions of one increasing from an intermediate point upwards, 
and of the other from the same point downwards, the sum of readings givmg 
the observed height. The scales were apparently without index or vernier ; 
they were divided to quarter lines and smaller parts estimated by eye. Wo 
find hero a thermometer provided for the purpose of correcting the observed 
readmg for the effect of temperature,^ 

Cavendish, in the Philosophical Tramacliom for 1776, gives an account of 
the meteorological instruments ** used at the Royal Society's house.*' The 
barometer was of the cistern kind of 0*25 in. bore, and the area of the citfteni 
about 120 times that of the bore. The mercury was not boiled in the tube, 
and the thermometer ** within doors " was recorded in case it should be 
deuired to correct the observations for the e£fect of temperature. 

The form of barometer prepared in 1780 for use by the Meteorological 
Society of the Palatinate was a cistern barometer, the internal diameter of the 
tube being 2 lines and the diameter of the cistern 17 lines. The mercury 
was boiled, and the scale was read by a sliding vernier having index projectmg 

^ Reeherekfi sur le$ modi/ictUimu de Vatmoiphlre* Vol. U. 
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in front of ihe tube. A thermometer was provided for correction of the 
observations for temperature. 

Nairne and others are understood to have constructed marine barometers 
in the last century in which the tube below the scale was very much con- 
tracted. Blondeau contrived a special form of siphon barometer for use at 
sea, in the construction of which he employed iron in consequence of the 
liability of glass to fracture when exposed to the firing of cannon. In the 
modern so-called " gun " barometer, however, by packing the tube with some 
substance that will not transmit vibration, it is found possible to employ glass 
tubes even with the present more powerful artillery. 

Gotte, in his Me^noires aur la Meteoroloyie, gives an account of a portable 
barometer by our English Bamsden, which is of some interest. He speaks 
of having obtained the drawing and description of the instrument from a loose 
leaf in a dilapidated state which came into his possession in an accidental wayt 
a circumstance curiously contrasting with the ready intercourse of modem 
times. In this barometer an index, standing across the front of the tube, was 
moved by rack and pinion until its lower edge, and that of a similar index 
placed behind and moving with it, could be seen in contact with the convex 
surface of the mercury, as a tangent to it, by which, as Cotte says, the height 
of the column of mercury could be measured with precision. This double 
index carried two verniers, one referring to a scale of English inches and 
tenths, the other to a scale of French inches and lines. There was also an 
attached thermometer graduated according to both Fahrenheit and B^aumur, 
with a supplementary scale showing the corresponding correction in hun- . 
dredths of an inch, English, for reduction of the barometer reading in English 
inches to the standard temperature of 65° Fahrenheit. An index which could 
be set to ihe top of the thermometric column pointed out on this scale the 
correction required. Speaking of other of Bamsden's barometers, Cotte 
mentions a provision for adjustment of the mercury level of the cistern, con- 
sisting of an ivory float, a horizontal line on which, by screw action on the 
cistern, was to be adjusted to coincidence with other lines on adjacent fixed 
pieces of ivory. He describes also a form in which the frame of the instru- 
ment was cut away behind the upper portion of the tube, a ring encircling 
which was brought down until its lower edge just touched and shut out the 
light from the convex surface of the mercury. A precisely similar construc- 
tion to this last he also ascribes to a French artist. 

Hamilton, in 1791, proposed a portable barometer for measuring heights, 
in which the cistern was closed, the upper portion through which the tube 
passed being formed of cork. Englefield, in 1806, proposed another having 
a cistern of box- wood entirely closed up : he describes it as being sensitive and 
as comparing well with a Bamsden barometer. A similar arrangement of 
cistern entirely closed had been long before proposed in the Amsterdam work 
to which reference has been before made. 

Gough, in 1807, applies to the lower widened branch of a siphon barometer 
an ivory piston moveable by means of a rod passing upwards, which was raised 
or lowered as necessary before taking an observation to bring the FUrface of 
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the mercury to the level of a line cut on the external surface of the glass 
corresponding to the zero of the scale. In an old barometer by Newman, 
now at the Royal Observatory, Greenwich, and formerly used in the astrono- 
mical department, this -principle is more completely carried out by means of 
a double rack arrangement, by which the action of setting the barometer 
raises or depresses a plunger in the cistern corresponding in size to the 
internal diameter of the tube. The motions of the vernier and the plunger 
being in opposite directions, a constant level in the cistern is maintained. 
Wentworth Erck afterwards proposed a precisely similar arrangement. 

We now come to another historic name. In the Annalea de Chmie for 
1816 there is description of a new portable barometer by Gay Lussac. He 
speaks of the then existing need for a barometer which should be easy of 
transport and which could at the same time be promptly observed, stating 
that, of the large number of portable barometers previously produced, few 
existed that had been approved or generally adopted. He adds that we must 
place in the first rank the cistern barometer of Fortin, as being distinguished 
by its exactness, excellent construction, and easy transport, only that it was 
a little heavy. A farther remark would appear to indicate that this reference 
is to Fortin's arrangement of a fixed point to which the surface of the mercury 
in the cistern should be adjusted. Gtty Lussac then describes his new form 
of barometer, which, adopting for lightness the siphon principle, he had indeed 
carried into execution some time previously. Experience, as he says, having 
shown that the new barometer had advantages, he in a modest way suggests 
that it might be worthy of a place amongst instruments of the kind. The 
lower part of the longer branch is much contracted, forming for a length of 
several inches a capillary tube, the shorter branch being closed, excepting 
that there is a smiJl hole near its extremity from which the mercury will not 
escape except under great pressure. Both the columns of mercury are read. 
Gay Lussac adds most careful directions as to the manner in which the baro- 
meter should be practically constructed. 

But it was afterwards in some instances found, and especially when ihe 
barometer in travelling occupied a horizontal position, that air would insinuate 
itself into the tube of the Gay Lussac form. On this account Bunten, of 
Paris, in the year 1824, placed within the lower part of the main tube another, 
tapering downwards and terminating in a small orifice, by which means access 
of air to the vacuum was entirely prevented. This improvement appears to 
be frequently, though by no means universally, ascribed to Gay Lussac 
himself, being known as the ** pipette " or ** air trap." But Arago and 
Humboldt, in testifying to the excellence of the addition in question, both 
speak of it as being due to Bunten, to whom, therefore, it would appear that 
the credit of the arrangement should be really assigned. 

Excepting the preceding incidental mention of Fortin and a previous 
allusion in the Annates de Chimie for the year 1804, no more precise infor- 
mation concerning him has been met with. His elegant cistern arrangement, 
in which the mercury is raised until a fixed ivory point is seen just to touch 
its image reflected therein, would appear to have been in use before 1816, 
but how long before tieems uncertain. 
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Playfair in 1816 recommended that barometer tabes for mountain work 
should be made of iron, proposing to fill them at the place of observation. 
Stevenson, in 1874, again proposed the use of iron for portable barometers, and 
describes a system of stopcocks for expeditiously clearing the vacuum portion 
of any remaining air. 

The first mention of the practice of fixing a thermometer with its bulb in 
the barometer cistern, for ascertaining the proper temperature of the mercury, 
is found in a paper by Newman in the Quarterly Journal of Sctetice for 1824. 

Blackadder in 1825 proposed to arrange a number of barometers, each 
having a cistern of iron in which was a small orifice governed by an air-tight 
stopcock, so that, by clock actiop, communication between the cistern of each 
barometer and the external air might be cut off at successive hours, and thus 
give indications of atmospheric pressure during absence of an observer. 
Lamont with a similar object afterwards proposed to employ twelve separate 
barometers, having arrangement by which they should severally indicate the 
barometric pressure at definite times ; but ultimately, in 1846, he adopted an 
arrangement in which one barometer was made to serve. 

In the PhUoaophical Transactions for 1887, Baily describes the well-known 
flint-crown glass standard of the Royal Society, which consisted of two distinctT 
tubes, one of flint and one of crown glass, dipping both into the one cistern. 
The scale, common to both tubes, was carried by a rod passing between them 
and terminating below in an agate point, which (carrying the rod and scale) 
was adjusted by rack and pinion to the surface of the mercuryin the cistern. 
The diameter of the flint-glass tube was 0*594 in., that of the crown 0*658 in. 
At this epoch also were made the excellent Newman standard instruments, 
specimens of which are still in use at the Itoyal Observatory, Greenwich, and 
at the Kew Observatory. The diameter of the Greenwich tube is 0*565 in. 
A rod carries the scale above and terminates below in an ivory point, for 
adjustment to the surface of the mercury, as in ihe Royal Society instrument 
just described. The arrangement is the opposite of the more generally 
employed system of Fortin, in which the mercury is adjusted to the point 
which is fixed. 

Howlett, in 1889, proposed to add a second tube filled with mercury to 
the height of 28 inches above the cistern level, the additional tube to be 
fixed to a float supported in the cistern, and to carry at its upper end a scale. 
It is assumed that no cistern adjustment would be required, and neglecting 
the slightly different lengths of mercury in the two tubes, that no correction 
for temperature would be necessary. 

Davout in the Comptes Bendus for 1857 describes what he calls a repeating 
barometer, consisting of a graduated cylindrical glass tube placed in a vertical 
position and containing a small column of mercury, the extremities of the 
tube permitting of being opened or closed at pleasure. The mercury is at 
first in contact with the upper extremity, which is closed, the lower being 
open ; closing it and opening the upper one, the mercury sinks to a small 
amount, then closing the upper end and opening the lower a further sinking 
occurs. This is one operation. Repeating the operations until the mercury 
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arrives at the lower extremity of the tube, the total M of the mercury, with 
the number of operations performed, is described as giving indication of the 
variations of atmospheric pressure. 

The contrivance of some satisfactory method of enlarging the barometric 
scale seems to have ever been a favourite project, and no less so in more 
modem times. McGwire, in 1791, proposed a floating mercurial barometer 
having a longer scale and which was also a recording instrument. In 
Howson's long range instrument the tube is fixed and of greater length than 
usual, there being attached to the bottom of its cistern a long light stalk 
rising upwards and occupying the central portion of the tube : the cistern, 
held in suspension, varies its position with the varying atmospheric pressure. 
Macneill*s barometer is another of the long range kind, but here the cistern 
is fixed, in the mercury of which the tube is freely suspended. Both Howson 
and Macneiil suggest that their instruments might be utilised for purposes of 
self-registration. Hicks has also proposed a barometer having extended 
scale consisting of a straight glass tube closed at the top and open at the 
bottom, the bore of the lower portion of the tube being larger than that of the 
upper portion. Another form by Hicks is one in which the upper portion of 
the tube is spiral shaped. And Guthrie connects the two branches of a 
siphon barometer by a horizontally placed spiral of smaller internal diameter, 
having an included small air bubble to indicate the barometric change. 

In Vol. n. of Du Moncel's Expose des applications de Velectrieite there is 
described a contrivance for aoynsting the mercury level in the cistern of a 
barometer by application of an electric current. In place of an ivory point 
a platinum point is used, the electric circuit being closed when the mercury 
comes into contact with the point, which rings an electric bell. On connect- 
ing the battery, should the boll begin to sound the cistern requires to be 
lowered until the sound just ceases, but should the bell be silent the cistern 
must be raised until the sound just commences. It is shown also that by 
adding above the mercurial column another platinum point, communication 
with which is made through the tube, the same principle may be applied also 
to measurement of the height of the column itself. In this case the cistern 
point is attached to a screw carrying above a divided circular counter, moving 
vertically against the engraved scale. The barometric column is first ac^usted 
by the cistern screw, then the cistern point is acyusted by the screw canning 
the circular counter, the reading of which, in combination with the scale 
reading, gives the complete barometric indication. 

In regard to primary standards, reference may be made for a description 
of the great Eew standard to a paper by Mr. Welsh in the Philosophical 
Transactions for 1866, wherein is also described the cathetometer arrange- 
ment for reading the standard and barometers to be compared therewith. 
Of other standards mention may be made of the normal barometer and 
cathetometer of the Russian Central Physical Observatory ,of which a descrip- 
tion is to be found in the Repertorium fiir Meteorologies Vol. III. 

A well-known and convenient form of modem English instrument is the Kow 
Marme Barometer, constructed by P. Adie at the suggestion of the Kew Corn- 
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mittee of ihe British Association, in ord^r to meet the reqnirements of the 
Brassels Maritime Conference of 1858. In this instrument the cistern is of 
iron without acyustment, and closed, excepting at a small protected aperture, 
the tube below the scale being contracted and mcluding also the pipette 
arrangement. The whole is contained in a brass frame, the divided scale 
being shortened to compensate for the varying level of the mercury in the 
cistern. For sea use the instrument is supported in gimbals. The gun 
barometer, ah'eady alluded to, is a modification of that just described. The 
fishery or sea coast barometer is one intended to be simple, durable, and 
sufficiently accurate for ordinary practical purposes. Barometers used at 
Bussian meteorological stations are described in Wild's Imtructiati fur 
meteorologische Stationen and in the volume of the Repertorium just quoted. 
That used in the United States Signal Service work appears to be of cistern 
form, having a smaU glass index to which by screw action the mercury is 
a^ynsted. 

But the forms of modem mercurial barometers really group themselves 
generally into two divisions, the cistern form and the siphon form, and 
although there exists great variety in the manner of arranging details of 
construction, these scarcely require special notice. The cistern form is that 
principaUy used in England, but on the continent the siphon form appears 
to be employed also to a considerable extent. Reference may perhaps be here 
appropriately made to two small appliances in regard to cistern barometers, 
Daniell's platinum guard, a thin piece of platinum tube attached to the open 
end of the barometer tube, and considered by Daniell to prevent the infil- 
tration of air ; and Wallis's barometer adjunct, a small microscope capable of 
being attached to a barometer cistern, to facilitate adjustment of the ivory 
point. 

Allusion has been made to the discordances observed in early times 
between the indications of difierent barometers, one principal cause of which 
would no doubt be the presence of air in the tubes. Apparently, however, it was 
not until somewhat before the middle of the last century that the practice of 
boiling the mercury for correction of this defect began to be adopted. Earlier 
writers speak of the application of heat to drive out air, but the first descrip- 
tion of actual boiling that has been remarked is that given by Beighton in the 
Pfiitosophical Transactions for 1788. Speaking of the method of Orme, a maker 
of diagonal barometers, be says, ''The Quicksilver is all purified from its Dross 
and earthy Particles by Distillation ; and when the Tube is filled by a Pound 
and a half, two, or three Pounds of Mercury, and all the Air got out by the 
Methods used in filling Tubes, then the remaining Air is got out by such an 
intense Heat of Fire as makes the Mercury boil, .... which curious as 
well as fatiguing Operation is continued for the Space of four Hours .... 
every part of the Mercury boiled for a long time." He goes on to say that 
barometers so prepared " are sensible of the most minute changes of the Air 
whatsoever. They foretell the Weather by a much longer Space of Time than 
others, as mostly 20 Hours, sometimes 86 or 48 Hours : Nay, before great 
Tempests, and suoh Bains as cause great Floods, for a much longer tune before 
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ihey happen." De Luc, in his Beclurches but Us niodificaiions de V atmosphere. 
Vol. I. p. 193, gives detailed instructions in regard to boiling the mercury 
in the tube, which appears about the middle of the last century to have been 
perfectly well understood, and since generally practised. In the Boyal Society 
barometer, as existing in 1776, the mercury, as we have seen, is said not to 
have been boiled in the tube. For the barometers made, 1780, for the 
Meteorological Society of the Palatinate, the mercury was boiled. 

The practice of attaching to barometer scales words indicating the kind of 
weather to be expected with different heights of the mercury appears to be 
one of comparative antiquity. At page 185 of the Amsterdam work, bearing 
date 1688, special directions are given in regard to the manner of placing 
them, and nine different distinctions of weather, corresponding to nine 
different heights of the mercury, are enumerated. They are in descending 
order, *'grande s^heresse, tres-sec, beau confirm^, beau temps, changeantou 
variable, pluie ou vent, grosse pluie & grand vent, orage, grande tempeste.*' 
Derham in the PhUosophical Transactions for 1698 mentions weather plates, 
but says nothing about any words. Amontons in 1705 speaks of a barometer 
*^ mont^ h la maniere d*Angleterre," which carried two little plates of copper 
marked with the different states of weather that might be expected to occur, 
as *' beau temps, changeant, pluie, &c." The illustrations of Fitzgerald's 
wheel barometers 1761 and 1770 show six different distinctions of weather, 
whilst on the portable Eamsden barometer, previously described, and on 
other barometers of the same period, there are seven. In an old barometer 
by Beballio of Rotterdam, date unknown, ten such indications appear. Many 
modem barometers, however, carry only four, so that on the whole popular 
faith in the wording is probably weakening. The desire to supplant the old 
phrases by something better is not of recent origin. Changeux proposed a 
new wording for barometer scales having regard to different winds,' much in 
the same way that FitzRoy in more recent times endeavoured to introduce one 
that should better accord with actual fact. 

In early times there was much uncertainty in regard to the action of tempera- 
ture on the barometer owing to the complication produced by the frequent 
presence in the vacuum portion of more or less air. Amontons, in the Mem. 
Acad, Roy. des Sciences for 1704, appears to have first endeavoured to formu- 
late a correction for temperature. He reduces to 50 by his thermometer, 
which represents apparently a low temperature, and he gives a table of 
corrections, De Luc determined the augmentation of the mercurial column 
due to heat by experimentally heating an apartment in winter, and concluded 
that an increase of heat which raised a thermometer from the freezing to 
the boiling point augmented the ordinary height of the mercurial column 
by six lines, and he adopted a temperature corresponding to one-eighth 
part of the distance between the freezing and boiling points, equivalent 
to 10° Reaumur or 54°*5 of Fahrenheit, as that to which barometer 
readings should be reduced, since it probably corresponded most nearly 

1 Cotte. M^moiret sur la MUeorotogit^ Vol. I. p. 590, 1788. 
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with the average of all observations.' The Meteorological Society of the 
Palatinate in this seem to have followed De Lac* Cavendish, in 1776, 
speaking of possible correction of the Royal Society observations, considers 
50° Fahrenheit as that to which redaction woald be made. In the Ramsden 
barometer the sapplementary scale indicating the correction for temperatare 
was arranged to give the redaction to 56° Fahrenheit. Cotte in 1788, 
however, speaks of redaction to the freezing point, and gives a table for the 
parpose.' Now the universal practice is to redace to the natural zero of the 
freezing point. 

Barometers have been constructed, as is well known, in which, instead of 
mercury, some liquid of less specific gravity has been employed. Water 
and other liquids appear to have been used in very early times, but coming 
down to the present century, Luke Howard in 1801 made a barometer of 
siphon form using linseed oil, and though he found the range of motion such 
as he expected, the discrepancy between the proportionate variation of the 
oil and quicksilver was continual and great: there were also other objections, 
and he gave the project up. In 1880 Daniell constructed the well-known 
water barometer of the Royal Society, describing all the operations with 
great detail in the Philosophical Transactions for 1882. It was filled by 
boiling distiUed water, which was forced up the tube by the pressure of 
steam in the boiler. The tube being sealed, the boiler then became the 
cistern, in which the water was covered to the depth of half-an-inch with 
pure castor oil to cut ofi* communication with the atmosphere. The baro- 
meter, however, became deteriorated, and in course of time was found to 
read 7 inches of the water scale too low. In 1844 Daniell was requested by 
the Royal Society to reboil and a4just the barometer, which was done ; but 
whilst experiments with it were in progress occurred his lamented death. The 
instrument was afterwards removed to the Crystal Palace, Sydenham, where 
it was destroyed in the great fire which occurred there some twenty years 
ago. A successful form of water barometer appears, however, to have been 
contrived by Alfred Bird, of Birmingham, who gave an account of his in- 
strument in the Philosophical Magazine for 1865. It was said to have been 
then in perfect action for six years. The water in the cistern was covered 
with olive oil. Mention should be made of the efforts in this direction of 
J. B. Jordan, who, not satisfied with water barometers, was induced to 
experiment with other liquids, and selected glycerine as seeming to answer 
for the purpose best. He covers the surface in the cistern with a shallow 
layer of petroleum oil. The record as given by a glycerine barometer con- 
structed by Jordan appears daily in the Times newspaper. Glycerine has 
also been employed to form a compact long range barometer, by attaching 
to the short branch of a mercurial siphon barometer a narrow upright tube 
in which the glycerine is placed. 

^ RecAerehet sur le$ modifications de Vatmoiphh'e, Vol. I. pp. 197 and 201. 
* TranmiUler. MHe Mannheimer meteoroloffisehe OeuUsehaft^ 
s ^emtnrm sitr la M^teorolo^, YoL I. p. 519, 
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In addition to meronriai and other barometers of the ordinary pattern, 
various kinds of floating barometers have been proposed ; some in which 
the elasticity of air confined in a floating vessel causes it to rise or fall with 
the varying atmospheric pressure, as in those of Caswell 1704, and Cooper 
1889; others in which a mercurial barometer is used to determine the 
floatation, as in those of Rowning 1788, Stevelly 1886, and Armellini 1867 ; 
in another, an American contrivance by Clum, 1865, and known as the 
Aelloscope, a mercurial barometer in combination with a collection of air or 
gas chambers of considerable size is used. Several of these instruments, 
regarding their various principles of action, are interesting as contrivances, 
though not adapted to practical or scientific work, and we might enter into 
detailed description of some of them were it not that there are still more 
practical matters with which to deal. 

Before speaking of metallic barometers it may be interesting to mention 
that Zaiher in 1758 proposed for use at sea a hollow cylinder void of air, of 
which the ends should be moveable, but kept apart by an internal spring, so 
that when the elastic force of the air augmented, the ends would approach, 
separating when it diminished. Of modern metallic barometers the prin- 
cipal are the ordinary aneroid, with its variations, and the Bourdon pattern. 
The question of forming a satisfactory instrument on the aneroid principle 
appears to have attracted other attention before the time of Yidi, the in- 
ventor of the aneroid, who himself seems to have arrived at a successful form 
only after the expenditure of considerable time and trouble. He is said to 
have produced an instrument as early as 1848, although it was not until some 
years afterwards that his instrument became generally known. It scarcely 
needs description. Improvements successively made have been the applica- 
tion of a temperature compensation bar, and the substitution of a laminated 
steel spring for the old form with spiral spring. Rush in 1851 added an 
altitude scale. Negretti and Zambra are understood to have first made 
aneroids of pocket size. Loseby, Goldschmid and others further modified 
them in the direction of doing away with the gearing work and substituting 
measurement by means of a micrometer. And Field, by an ingenious shift 
of the altitude scale, accommodates the instrument to difierent air tempera- 
tures for altitude work. Richard, Breguet, and others have adapted the 
aneroid, using one or more vacuum chambers, to register its indications on a 
revolving cylinder. The Bourdon form of metallic barometer consists of a 
thin elastic metal tube of elliptic section, in shape a portion of a circle, closed 
at its ends and exhausted of air. Increase or decrease of atmospheric 
pressure causes the ends to approach or recede, which motion by gearing 
work is communicated to an external index. Eohlrausch in 1874 caused a 
Bourdon ring to act on a small suspended mirror, in which by means of a 
telescope were seen by reflection the divisions of a fixed vertical scale. And 
by others the Bourdon ring has been made to work a pencil and give a con- 
tinuous record. 

Of other barometrical contrivances there are two of peculiar construction 
designed to indicate small changes of pressure; one is the differential baro« 
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meter of Wollaston, the other the differential microbarograph of Whitehonse. 
The former consists of a box composed of two equal divisions : a g^ass tube 
passes downwards from the bottom of one division, turns, and passes in at 
the bottom of the other. One division is open above, the other quite closed, 
excepting by a short horizontal pipe, projecting from one side. A little 
water being poured in, rises equally in each leg. Then oil is added on each 
side until it rises into the box, of course adding it so as to keep the water 
in each leg at the same height. Thus any additional pressure communi- 
cated through the horizontal pipe to the surface of the oil in the closed 
division of the box, acting through the glass tube, depresses the pomt of 
junction of the oil and water on one side, and raises it on the other. In the 
Whitehouse instrument the action depends on the flow and reflow of water 
between two hydraulic chambers, connected by a tube or siphon, one cham- 
ber being open to the atmosphere, the other closed but in pneumatic 
communication with an underground air chamber, so buried to ensure 
freedom from diurnal changes of temperature. The flow and reflow of water 
through the tube is made to move a tracing point. The instrument regis- 
ters only minute variations of pressure. A capillary tube communicates 
between the air chamber and the atmosphere, whereby the equilibrium, 
disturbed by greater changes of pressure, is being constantly restored. 
The former instrument is for experimental use, the latter for showing small 
atmospheric variations. 

In Nature, Vol. XXV., Joly, of Dublin, describes a scheme for ascertaining 
the reading of a distant mercurial barometer by a method which has pos- 
sibly the merit of not having been before proposed. He carries two wires 
through the head of the barometer tube, one is continued downward into the 
mercury to a point below which the mercury never falls, the continuation of 
the other is a fine carbon thread carried also to the same point, and there joined 
to the wire. The outer endsof the wires pass to the recording station, an electric 
current sent from which traverses both wire and carbon in its passage. 
The carbon thread having a high resistance, the inventor considers that at 
a station four miles distant, involving eight miles of wire, and for a given 
diameter of copper wire and carbon thread, the variation of potential due to 
the rise and fall of the mercury in the barometer tube would be sufficiently 
marked to enable him to measure the barometric variations. 

Reference should be made to Stanley*s chrono-barometer exhibited before 
our Society in 1877, and again lately, having pendulum consisting of a mer- 
curial barometer, the variations of which cause variation of rate. Thus the 
number of vibrations made during a given interval measure the mean atmo- 
spheric pressure during that interval. Prof. Rankine in 1858 proposed to 
attach a siphon barometer to a revolving clock pendulum, with a similar 
object. And a Mr. Hall exhibited some such contrivance in the Great 
Exhibition of 1851. 

There is still a large subject remaining, that of recording instruments gener- 
ally ; one so extensive that in a paper of this kind little more than reference 
to some salient points in the history of the subject is possible, In the first 
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place, we read iu Vol. I. of Cotte's Mhnoiret sur la MeUorologU how, even in 
the last century, the importance of proyiding efficient recording apparatus was 
well understood. Attention then was naturally directed to the only one 
possible method of doing this, namely, by mechanical moans. In connection 
with the application to barometric record we read of the names of Beaudoux, 
Courgeoles, Gumming, and Magellan, among others, as having either contrived 
or considered the question of recording instruments. The Beaudoux instru* 
ment, described by Cotte, consisted of a barometer of siphon form mounted on 
a semicircular beam, the equilibrium of which, on change of atmospheric pres- 
sure, became disturbed, and so gave motion to a recording pencil. 

The records by these instruments appear to have been continuous, good in 
this respect, but, exceptmg perhaps the Beaudoux instrument, seemmgly in- 
volving too much friction. Changeux, however, in 1780, introduced 
mechanism by which the recording pencil, instead of acting continuously, was 
left ordinarily free, and struck by a hammer at definite times. In a pamphlet 
dated 1781 he describes two forms of '* barometrographs ** of nearly similar 
character but both including this improvement, evidently considered to be an 
important one. The pencil in these instruments was carried by the float of 
a fixed siphon barometer, and made record on a circular disc revolving once 
in a week ; the barometer was placed below the disc, the marker traversed 
its lower radius, and the lines on the disc indicating height of mercury formed 
concentric circles. An old instrument by Fontana apparently contained a 
similar arrangement for making record. One of Changeux's barometrographs 
was set up at Mannheim, and another at Munich. A suggestion made to 
substitute in the Munich instrument a rectangular plate for the circular disc 
and concentric circles was not carried out.* Changeux's plan of leaving Uie 
registering point free and striking or pressing it down at definite times is 
one that in more recent years has been frequently suggested and applied, not 
only for simple barographs, such as those of Kreil, Bryson, Lament, Hardy and 
others, but also in several of the more elaborate meteorographs. Changeux 
himself had ideas of arranging some form of universal meteorograph. 

The first contrivers of recording barometers in aiming at the production of 
a continuous record were so far right that they kept an excellent principle 
in view, one perhaps hardly sufficiently considered in the construction of 
modem recording instruments, so many of which, otherwise admirably arranged, 
give only an intermittent record, as once every ten or twenty minutes, 
in some cases less frequently. But since, in the old constructions, friction of 
the registering point interfered so much with its freedom of action, Changeux 
did wisely to give up the continuous record in order to secure one more accurate 
at definite intervals of time. The discovery however of photography, and 
the applications of electricity, opened out further opportunities and possi- 
bilities. The first person to propose that photography might be applied to 
record among other things the variations of the barometer was, so fiur as is 
known, T. B. Jordan, who would appear to have proceeded to [make some 

I Traummier : Die Mannheimer vMteorologUeh$ GtHlUehaft^ 
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practical experiment, and whose paper on tlie subject is contained in the 
Sixth Annual Report of the Royal Cornwall Polytechnic Society, that for 1838. 
Afterwards Brooke and Ronalds, working independently, carried this matter 
to a more practical issue, their papers on the subject of photographic regis* 
tration appearing together in the same volume of the PMlosophical Tramac- 
Horn, that for 1847. The system of Brooke in use at the Royal Observatory, 
Greenwich, and that founded on the system of Ronalds, in use at Eew and 
other observatories, are both found to work well, with the special advantage of 
giving a truly continuous record. 

There is further the adaptation of electricity. Wheatstone, in the Britith 
Association Report for 1842, seems to have first suggested such an application, 
proposing that a platinum wire, governed by a clock, should at intervals make 
contact with the mercury in the tube of a barometer or other instrument, so 
creating an electric current which should both determine the record and the 
value of the element. In the volume of Du Moncers work before quoted, a 
drawing is given of an apparatus by Wheatstone, said to have been made for 
the Eew Observatory, in which he applies this principle to the registration of 
the barometer and the dry and wet bulb thermometers. It has been since 
employed in the barographs included in the combined meteorographs of 
Salleron, Theorell, and Van Rysselberghe, the records being all intermittent. 

So far photography and galvanism. We turn now again to barographs 
essentially mechanical in action, those in which the balance barometer is 
employed. It seems a little surprising that the first contrivers of barographs 
did not employ to a greater extent the balance principle, which, said to 
have been used by Morland two centuries ago, was afterwards illustrated 
experimentally by Desaguliers in his Experimental Philosophy ^ and, some* 
what later, appears to have been also employed by Magellan. At length, 
however, it was revived in a practical shape, in the year 1858, by Mr. 
Alfred King, of Liverpool, who, at the instigation of the late Mr. Hartnup, of 
the Liverpool Observatory, made a trial barometer on this principle, the per- 
formance of which proved so satisfactory that it led to the construction, in a 
following year, of the more elaborate barograph of the Liverpool Observatory. 
The principle was afterwards independenUy revived by Secchi in 1857, and 
has since come much into favour, having been employed in numerous baro- 
graphs of later date*. In some forms the cistern is fixed, and the tube carried 
by the beam which actuates the recording point ; in others the tube is fixed, 
and the cistern attached to the beam. Of the former kind the barographs of 
King, Secchi, Wild, and Schreiber are examples, and of the latter kind those 
of Crova and Cecci. The barographs of Russell and Draper have moveable 
cisterns, but otherwise deviate from the ordinary balance form. In the instru- 
ments of King, Secchi, Cecci and Draper the records are continuous ; in those 
of Wild, Russell, Crova and Schreiber they are intermittent. In some of 
these instruments the mechanical appliances for obtaining delicacy of action 
are much to be admired. Those of Secchi and Schreiber are portions of 
combined meteorographs. 

There is yet another distinct type of barograph of which there are several 

mw BBsiBS. — ^voL. zn. L 
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varieties, but aU of which are continnoasly recording instmments. A small 
differential action originating either from a clock or from electric currents, 
in both cases controlled by tiie movement of the float in the lower branch of 
a siphon barometer, or, as in the Rang instrument, by disturbance of the 
equilibrium produced by the action of a similar barometer mounted on a 
counterpoised beam, is either in constant operation, or operates only when 
the height of the barometric column itself changes. By this means motion 
is communicated to a screw, or to a line passing over a pulley, in either case 
carrying a recording pencil. The original form of instrument is that of 
Begnard, of which detailed explanation is given in the attached list, and to 
which the instmments by Montigny, Hough, Bedier (two forms). Gibbon and 
Bung are allied. When there is no change of atmospheric pressure going 
on, the recording pencil, in one variety of instrument, is in continual very 
slight oscillation: when the pressure changes the smaU oscillations in one 
direction preponderate, canying forward Hie pencil: the Begnard and the 
two Bedier instruments are of this character. In the Montigny, Hough, 
Gibbon and Bung instruments there is no action until the pressure changes, 
and the motion of the pencil is then by very small steps. The Begnardi 
Montigny, Hough and Gibbon instruments necessitate the use of a galvanic 
battery. The Hough instrument has in addition a type printing arrangement 
by which the record hourly or otherwise may be printed. The Gibbon in- 
strument, excepting that there is no printing arrangement, appears to be 
almost precisely similar to that of Hough. 

In terminating this necessarily brief review, I may remark that some in- 
completeness may result from the circumstance that I have been able to 
consult only such authorities as time and opportunity would allow. I have, 
however, endeavoured to make what has been given accurate, as far as it 
goes. A list is appended indicating where description^ may be found of all 
forms of barometers and barometrical contrivances that have been met with 
in the preparation of this account. 



Chbomologigal List of known Forms of Baboheters and of Inventions and 
Contrivances connected therewith. 

In the following list a chronological arrangement has been attempted rather 
than an alphabetical one, for even if not always strictly accurate, such arrange- 
ment better enables a reader to grasp the historical relations of things* 

For descriptions taken from any general work or catalogno) the date 
of such publication is, in default of better information, usually given, so 
that in such cases a later date than the true one may have occasionally been 
assigned. The list contains only such references as concern the instru- 
ment in its meteorological aspect, and does not enter into the question of its 
application to laboratory or other work: — 

1648y Torrioelli.— Date of the Torricellian Experiment. 

In making this experiment Torricelli not only solved thereby the imme- 
diate vexed qucsition of the weight of the atmosphere, but at the same 
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time unconsciously contrived the best f«»r:n of that important instrument 
of meteorological and physical researcii, the barometer, 

166S| Hooke.— Wheel barometer. Hooko : Preface to his Micrographia. 

A line from a float in the short branch of a siphon mercurial baro- 
meter passing over a pulley carrying index is attached on the other side 
to a counterpoise : the index moving over a circular di^ points out the 
barometric variations thereon. 

1666| Hooke.— A new contrivance of whed-barometer much more easy to be 
prepared than that which is described in the Micrographia. PhU. Tram. 
Vol. I. p. 218. 

Gives further accoimt of the wheel barometer. 

1666| B<qrle.-*Of a new kind of baroscope, which may be called statical. 
Phil. Trails. Vol. I. p. 281. 

A balance carrying at one end a thin and comparatively light glass 
sphere and at the other a metal counterpoise. 

1670 (?)^ Morland.— Steelyard or balance barometer. Bees : Cychptzdia, 
under article Barometer. 

A barometer tube suspended from the short arm of a steelvard floats 
in a fixed cistern: the other end of the arm indicates the barometric 
variations. 

Morland is understood to have also contrived the diagonal form of 
barometer in which the upper part of the tube is inclined considerably to 
the vertical for increase of range of motion of the mercury. 

1672| Httyghens;— Extrait d'nne lettre de Huyghens toachant une nonvelle 

manidre de baromStre qn'il a invents. Mim. Acad. Boy. de$ Sciences, 

Vol. X. p. 875. 

Describes two forms having for object extension of the scale of varia^ 
tion : in one the tube about the top of the mercurial column is enlarged, 
and a supplementary tube added above containing water ; in the other 
an upright supplementary tube is added to the short branch of a siphon 
barometer, the portions of the tube about both ends of the mercurial 
column being enlarged and a mixture of water and aquafortis placed in 
the supplementary tube. 

1678| Hooke.— Self-registering instrument. Trans. Roy» Soc. EdUihurgh^ 

Vol. XV. p. 508. 

Bryson states that ^* Hooke was the first to propose a self-registered 
series of meteorological observations by an instrument which he quaintly 
called a weather-wiser, but no further notice is taken of this contrivance 
than a short description in one of his tracts bearing the date 6th Dec. 1678.'* 

1685j Hooke.— A description of an invention whereby the divisions of the 

barometer may be enlarged in any given proportions. Phil. Trans. Vol. 

XVI. p. 241. 

A siphon mercurial barometer with added tube at short branch containing 
two liquids, the portions of the tube about the ends of the mercuri^ 
column and the upper end of the added tube being enlarged, the varying 
point of division of the two liquids indicating the variations of atmo- 
spheric pressure. As early as the year 1G68 Uooke had bethought himself 
of putting some lighter liquid in a narrow added tube. 
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1688| Anon.— Portable barometer. Traittez des Barametres, TJiertnometres et 
Notumetres. Amsterdam, 1688, p. 82. 

Has cistern of wood completely closed, the pores of the wood being 
said to give sufficient means of communication with the atmosphere. 

At page 135 of the same work instructions are given in regard to the 
placing of words on the barometer indicating weather to be expected with 
different heights of the mercury. 

1688| Amontons.— Sor an nouvean baromStre. Hist, Acad, Roy. des Sciences, 
Vol. n. p. 28. 

A series of shortened siphon tubes containing mercury connected each 
to the next by an intermediate tube containing air, the space above the 
mercury in the first siphon tube being a vacuum, and the last siphon tube 
being open to the atmosphere. 

In the English translation of Deschaners Natural Philosophic Edit, of 
1872, p. 160, a similar construction of instrument is ascribed to I^hrenheit. 

1690| De la Hire.— Description d'on nouveau barom^tre pour connoitre 
exactement la pesanteor de Tair. Mem. Acad. Roy. des Sciences, 1708, 
p. 154. 

A similar arrangement to that of Hooke of 1685. Another, almost 
identical, was proposed in the year 1881. 

1695, Amontons.— Description d'on nouveaa baromStre tr^s simple et portatif 
k Tasage de la mer. Amontons : Remarqites et Experiences Physiques. 
Paris, 1695, p. 121. 

This is his conical mercurial barometer, a long taper tube of diameter 
increasing slightly downwards and open at the lower end. 

1695, Quare.— Portable weather glass or barometer. Specifications of Patents. 
" May be removed and carried to any place though turned upside down 
without spilling one drop of the quicksilver or letting any air into the tube, 
and that nevertheless the air shall have the same liberty to operate upon 
it as on those common ones now in use with respect to the weight of 
the atmosphere." 

1698, Derham.— Portable barometer. PJiU. Trans. Vol. XX. p. 2. 

Describes a portable barometer having fixed cistern and tube pinched in 
near top to bridle blow of mercury against top ; was supported on a tripod 
stand. 

1698, Derham.— Contrivance to measure the height of the mercury in the 
barometer by a circle on one of the weather plates. Phil. Trans. Vol. 
XX. p. 45. 

*' A fine finger " pointing out height of mercury is attached to a rack 
which through a pinion gives indication by an index hand moving on a 
fixed circular dial. The inches are read from the scale and the parts of an 
inch from the dial, one revolution of the index corresponding to one inch 
vertical motion of the finger. Apparently the first attempt accurately to 
set and accurately to read a barometer ; it would seem that previously the 
height of the mercury was simply estimated by means of the scale without 
either index or vernier. 

1698, Gray.— About a way of measuring the height of the mercury in the 
barometer more exactly. Phil. Trans. Vol. XX. p. 176. 

Adapts a microscope, carrying a horizontal hair or very fine^wire in focus 
of eye-glass, and sliding up and down a separate rod, to read off height of 
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mercury in tube. The fine wire is set to the surface of the mercury and 
the height read off by an index movine on a fixed circular dial. The inches 
and tenths arc read from the scale and the smaller parts from tlie dial, one 
revolution of the index corresponding to one tenth of an inch vertical 
motion of the microscope. A more accurate arrangement than the pre- 
ceding, and in principle the modem cathetometer. 

1700 (before), Hooke.— Marine barometer. Phil. Trans. Vol. XXn. p. 791. 

Halley here speaks of Hooke's marine barometer as consisting of an air 
thermometer and a " sealed ^ thermometer used in conjunction. In prin- 
ciple the modem sympiesometer. 

1704y GuwelL— Aeooniit of a new baroscope. PhU. Trans, Vol. XXIV. 
p. 1597. 

The elasticity of air confined in a vessel open below and floating in 
water causes the vessel to rise or fall with varymg atmospheric pressure. 
Said to be very sensitive. 

170S« AmontoiUk— Baromdires sans mercnre k rosage de la mer. Mhi. 

Acad, Roy, des Sciences^ 1705, p. 49. 

Special form of air thermometer UBcd in conjunction with an ordinary 
thermometer. A modification of the Hooke marine barometer. 

1705| Amontons.— Words on scale indicating weather. MSm. Acad. Roy, 

des Sciences, 1705, p. 229. 

Amontons in a paper on barometers here speaks of one mounted in the 
English manner with little copper plates having different states of weather 
marked thereon. 

1710| BernonllL— Le baromdtre en ^nerre. De Lac: Recherches sur Us 
modifications deVatmospJure, Vol. I. p. 22. 

A barometer in which the vertical tube having enlarged upper end 
terminates below in a narrow horizontal tube for increase of the scale of 
variation of the mercury. Had been previously proposed by J. Dominic 
Cassini. 

1784yDeaiffiilier8.— A new contrivanoe for taking levels. PkU. Trans. Vol. 

XXXm. p. 165. 

Alludes to a proposal by Gray to neutralize the effect of temperature on 
an air thermometer bv placing the principal portion of it in sand, and so 
making it serve as a barometer for measurement of differences of level ; 
then proposes as an improvement to substitute, instead of sand, water of a . 
constant temperature. 

1724« rahrenbeit— Barometri novi descriptio. Phil. Trans. Vol. XXXTTT. 
p. 179. 

Indicates the principle of the thermometrical barometer. 

173S| Bowning.— A description of a barometer wherein the scale of variation 

may be increased at pleasore. Phil. Trans. Vol. XXXVm. p. 89. 

A straight tube mercurial barometer carrying its cistem and having 
attached float, is buoyed in the fluid, as water, contained in another vessel : 
decrease of pressure causes the barometer to rise in the fluid, an attached 
index pointing out the baropietric variatioiiB on a fixed graduated scale. 
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1788* Bdghton.— The imperfections of the eommon barometers and the im- 
provements made in them. Phil. Trans. Vol. XL. p. 248. 

Describes Orme*8 process of boiling the mercury in the tube ; the most 
early account of thorough boiling. 

1744, Bowning.— Barometer with enlarged scale. Bowning : Natural Philo- 
sophy, Vol. I. part 2, p. 110. 

An ordinary siphon barometer having added at the short branch a tube 
of smaller diameter turning downwards and containing water. 

1744| Anon.— Portable barometer. Bowning : Natural Philosophy, Vol. I. 
part 2, p. 118. 

Tube terminates in a leather bag enclosed in a little box, through bottom 
of which passes a screw by which the mercury may be forced to the top 
of the tube for facility of transport. 

1744, Le Clerc.— Barom^tre a cadran. Cotte : Traite de llkeoroloyie, p. 148. 

A modification of Hookers wheel barometer : for description see the 
" Historical Account." 

1761, Bourbon.— Barom^tre portatif. Hist. Acad, Boy. des Sciences, 1751, 
p. 178. 

Said to have been invented by Bourbon, but reported on as being appar- 
entlv similar to the English Sisson. Its construction resembles dso that 
of the portable barometer described in 1744 by Rowning. A similar con- 
struction is spoken of also by Desaguliers in his Experimental Philosophy, 
Vol. II. 

1755, Brisson.— Barom^tre portatif. Hist. Acad. Boy. des Sciences, 1755, 

p. 140. 

Has overflow cistern arrangement for ensuring constant cistern level, 
also arrangement for filling the tube and confining the mercury therein for 
transport. 

1755 (about), De Luc.— BaromStre portatif. De Luc : Becherches sur les 
modifications de VatmospJiere, Vol. 11. p. 5. 

The form of siphon barometer with which De Luc made so many of his 
observations in mountain work : it had two scales, one increasing from an 
intermediate point upwards, the other from the same point downwards, 
the reading of both branches being taken and added together : the 
scales were divided into inches, lines and quarter-lines, but had apparently 
neither index nor vernier: was provided with a thermometer for the purpose 
of correcting tlie observed reading for the effect of temperature : the 
whole instrument being mounted in a wooden case for carriage. 

1768| Zaiher.— Baromdtre marin. Cotte: Memoires sur la MMorohgie^ 
Vol. I. p. 514. 

Consisted of a hollow cylinder void of air, having moveable bases kept 
apart by an internal spring : on increase of atmospheric pressure the bases 
approach ; on decrease they separate. Precursor of the aneroid. 

1761, Fitigerald.— A description of a new barometer. PhU. Trans. Vol. LII. 
p. 146. 

An improved form of wheel barometer having double pulley, one for 
each thread, so that when once adjusted the index could not be misplaced ; 



Digitized by 



Googk 



ELLIS — BBIEF HISTORICAL ACCOUNT OF THE BABOMETER, 158 

had also two additional counterpoised hands moved by the index hand for 
record of maximum and minimum pressure. A carefully finished instru- 
ment, the moving parts turning on friction wheels. 

1766, De Lne.— Thermometrioal barometer. De Luo : Becherclm sur lea 

inodifieations de Vatniosphere^ Vol. 11. p. 288. 

Describes in detail the construction of his apparatus : the bulb of the 
thermometer was immersed in the boiling water. 

1760, Pyefinch and Magalhaens.— Barometer. Specifications of Patents. 

'^ An instrument by which is shown the true effect of the weight of the 
atmosphere, with the variation which is caused by the heat and cold, and 
likewise the quantity of that variation/^ 

1766, Oammillg.— Clock barometer. Luke Howa:rd : The Climate of London, 

Vol. I. 1818 : Introduotioii, p. 18. 

Says, ^^ I have possessed for some years an eight-day astronomical clock, 
having a barometer connected with it, made in 1766, by Alexander Gum- 
ming, and wliich, on the decease of that excellent mechanic, his family 
allowed me to purchase. This curious instrument records, by means of a 
pencil supported on the quicksilver, and traversing a revolving scale, the 
movements of the barometer throughout the year ; requiring for tliis pur- 
pose little more attention than the regular winding up of the clock.** 

1770» Fit^gerald«— An account of some improvements made in a new wheel 

barometer. PhU. Trans. Vol. LX. p. 74. 

An improved form of the wheel barometer constructed by him in 1761, 
having an additional index and dial, one index making a complete revolu- 
tion for three inches change of pressure, the otlier for one inch change of 
pressure, the latter acting on two other light counterpoised hands for 
indication of maximum and minimum. Moving parts all turning on friction 
wheels. For other particulars see the ^^ Historical Account.'* 

1776, Oavendiflh.— An account of the meteorological instruments used at the 

Royal Society's house. Phil. Trans. Vol. LXVI. p. 875. 

Barometer was of cistern kind: area of cistern about 120 times that of the 
tube : mercury not boiled in the tube. Referring to the construction of 
thermometers, suggests that in determining the boiling point the bulb 
should be exposed only to steam. 

1777, Beandonx— Barom^trographe. Gotte : MSmoires sur la MStioroloffie, 

Vol. I. p. 667. 

A barometer of siphon form is attached to a semicircular balance beam 
carrying a pencil : cnange of atmospheric pressure disturbing the equili- 
brium causes the pencil to mark on travelling paper : record continuous. 

1779, Lavoi8ier.-~0verflow cistern arrangement. Cotte : MSmoires sur la 

MStSarologie, Vol. I. p. 616. 

A barometer has its attached cistern immersed in an outer fixed cistern 
also containing mercury. When a reading is to be taken the barometer, 
by screw action above, is raised out of the fixed cistern, and tlie mercury 
flows out at a small hole in the attached cistern to this definite level. 

1780, Ghangenz.— M^t^rographie on Art d'observer d*ane manidre eom- 
mode et utile les Ph&iomenes de I'Atmosphdre. Gontenant la description 
de denx Barom^trographes on Baromitres qui tiennent note par des 
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traces gensibles de leurs variations et des terns precis od elles arrivent ; 

ayee I'id^ de plusieors antres Instrameiis M^t^orologiques, qnelqnes 

Bemarques sur les tentatives faites en ce genre et celles que Ton prepare, 

&c. Pamphlet bearing date 1781. 

Describeg in detail two barographs, generally Bimilar. A float in 
the lower branch of a siphon barometer is made to raise and depress a 
pencil which moves over Uie lower radius of a revolving disc, making one 
revolution in a week : the pencil is free, excepting at the moment of being 
struck hy clock action to give the record which is thus intermittent. 
Contains also other information in regard to recording instruments. [A 
construction of a similar kind is due to Fontana. See Loan Coll. Cat. 
Scientific Apparatus, p. 703.] 

1780| The Heteorological Sooiety of the Palatinate.— Barometer. Tran- 

miiller: Die Mannheimer meteorqloguclie Gesellsehqft, 1780-1795. 

Pamphlet bearing date 1885, p. 11. 

The barometer of cistenj form was read by a sliding vernier having 
index for setting projecting in front of the tube : mercury was boiled. 

1781, Cavallo.— Description of a thermometrical barometer. PhU. Trans. 

Vol. LXXI. p. 624. 

Describes his arrangement in which the bulb of the thermometer was 
immersed in the boiling water. 

1781, Oaoz.— Adjustment of the mercury level in cistern. Cotte: Memoires 
sur la MetSorohgte, Vol. I. p. 515. 

A siphon tube, havine lower branch of large diameter, rests on a cir- 
cular metal plate attached to the point of a screw by which the whole 
tube can be elevated or depressed. The end of the short branch projects 
into a small fixed bell-shaped vessel from the interior of which is sus- 
pended, hanging into the siphon tube, a bead of glass having a blackened 
point corresponding to the zero of the scale. By means of the screw 
the surface of the mercury is brought to coincide with the blackened 
point. Applied to an adjustable cistern this becomes, in principle, the 
Fortin arrangement. 

1788, Anon.— Baromdtre portatif. Cotte : MSmoires mr la MetSorohgie. 

Vol. I. p. 505. 

Tube closed at top and bottom, with lateral opening near bottom : cis- 
tern fixed to tube, which is pinched in near upper end : sliding vernier. 

1788, Bamsden.— Portable barometer. Cotte: MSmoires sur la Met^orologie. 

Vol. I. pp. 507 to 510, and Vol. H. p. 71. 

Describes barometers as constructed bv Ramsden, some particulars in 
regard to which are given in the '^ Historical Account.'' 

1788, Blondeau.— Barom^tre marin. Cotte : Memoires sur la Meteorologie, 
Vol. I. p. 510. 

A special form of siphon barometer constructed of iron, to withstand 
the finng of cannon. 

1790, Austin.— Portable barometer. Trans. Boy. Irish Academy, Vol. IV. 
p. 99. 

Overflow cistern arrangement. To avoid the necessity of applving a 
floating gauge the mercury is allowed to run off into a receptacle below, 
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BO insuring a constant level. Mercaiy is forced back to again overflow 
when a reading is to be taken. 

1791, ITGwire.— Self-registering barometer. Trans. Boy, Irish Acadetny, 

Vol. IV. p. 141. 

Barometer tube moving in guides is buoyed, and so floats in a fixed 
cistern : the tube carries tracing point for marking paper moved horizon- 
tally by clock work : record continuous. 

17S1| Hamilton.— A new kind of portable barometer for measuring heights. 

Trans, Roy, Irish Academy, Vol. V. p. 95. 

Cistern entirely closed, having its upper surface about the tube formed 
of cork : barometer to be held in one hand and set for reading with the 
other : directs how to correct for capacity. 

1796» Keith.— Description of a barometer which marks the rise and fall of 

the mercnry from two different times of observation. Trans, Roy, Sac; 

Edinburgh, Vol. IV. p. 209. 

A wire in connection with the float in the lower branch of a siphon 
barometer pushes up and down two small pieces of oiled silk, sliding 
easily on a fixed wire, for showing minimum and maximum : has enlarged 
upper chamber to make rise and fall of mercury in lower branch a maxi- 
mum. 

Date (7)j Beballic— Barometer combining siphon and long range barometer. 

An old Dutch instrument in the possession of M. Pillischer of New 
Bond Street, London. 

1801| Luke Howard.— Linseed oil barometer. See his Climate of London, 
Vol. I. 1818 : Introduction, p. 14. 

Constructed a siphon barometer, using linseed oil and lead pipe : was 
not found to be satisfactory. 

180Sy Kaigne.— BaromStre portatif. Annales de Chimie, Vol. XLVII. p. 
218. 

Somewhat similar to forms already described. 

1806y Englefleld.— Simple and cheap portable barometer. Nicholson* s 

Journal, Vol. XIV. 1806, p. 1. 

Tube of small bore is fixed into a cylindrical box-wood cisteni com- 
pletely closed : unites lightness and ease of observation : weight 1} lb. : 
mercury said to take its level almost immediately : no difference of sen- 
sibility perceived as compared with a good Ramsden barometer. 

1807| Oongh.— Description of a correct chamber barometer. Nicholson^s 

Journal, Vol. XVECE. 1807, p. 81. 

In the lower widened branch of a siphon barometer, an ivory piston, 
moveable by means of a rod passing upwards, is raised or lowered as 
necessary, lief ore takine an observation, to brine the surface of the mer- 
cury to tne level of a line cut on external surface of the glass, corres- 
ponding to the zero of the scale. [Newman and others afterwards made 
the operation of setting a barometer act also on a plunger in the cistern 
by connecting the plunger to a, rod having rack nioved by the pinion used 
for setting.] 
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1810 (?)j Fortiii.— AdjQsfcment of cistern level. 

A Paris artist who is said to have contrived the much approved system 
in which by screw action from below the surface of the mercurv in the 
cistern is brought just to touch a fixed ivory point representing the zero 
of the scale. 

1811, L 0. C— On the scale of the barometer. NiehoUon^s Journal, Vol. 
XXIX. 1811, p. 105. 

Scale in strictness ought not to be full inches, but something less, 
owing to rise and fall of mercury of reservoir : places scales one at top 
and one at bottom, and reads both : suggests that instead of two scales 
the lower end of a single scale sliding in a groove might be adjusted 
to the surface of the mercurv, when the height of the column could be 
instantly noted. [Making the scale terminate in an ivory point, this 
becomes the arrangement afterwards so excellently carried out by Newman 
in his standard barometers.] 

1816, Playfair.— Mountain barometer. PhU. Mag. Vol. XLYH 1816, p. 
810. 

Recommends iron tubes for barometrical observations in mountainous 
or remote countries, proposing that they should be filled at the place of 
observation. 

1816| Kennedy.— Contrivance to render more portable. Quar. Jour, of 

Science, Vol. I. p. 295. 

Introduces into the tube a small bell-shi^ed bulb of glass attached to 
a spiral spring and fastened to the top of the tube, to prevent concussion. 

1816| Oay Lnssac— Description d'un nonvean barometre poriatif. Amtalss 

de Ohimie, Vol. 1. 1816, p. 118. 

This is the well-known Gay Lussac siphon form, in which the lower part 
of the principal tube is contracted, and communication made with the ' 
external air only by a small hole near end of short branch, its extreme 
end being closed ; both columns of mercury are read. 

1817| LandrianL— A description of two barometers, one of which marks the 

maximum of elevation, the other that of depression, daring its absence of 

the observer. Quar, Jour, of Science, Vol. HI. p. 899. 

No details : considers that by his instrument a greater degree of accuracy 
is reached than had been previously attained. 

1817» F. J. H. Wollaston.— Description of a thermometrical barometer for 

measuring altitudes. Phil. Trane., 1817, p. 188. 

Describes liis improved apparatus, and remarks that in boiling, the bulb 
should be exposed to steam only, as being steadier in its heat than water. 

1818| Adie.— An improvement on the air barometer, which improved instru- 
ment is to be called a sympiesometer. Specification of PatenU. 

Gas confiped in a bulb and tube acts against oil or other fluid open to 
atmosplieric pressure : has shifting barometric scale regulated oy an 
attached thermometer. A revived form of Hookers marine barometer. 

1828, Murray.— Description of a barometer for measuring altitudes. PW. 
Mag. Vol. LXI. 1828, p. 61. 

Air confined in a dosed cistern acts against mercury in a tube open 
to atmospheric pressure, 
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1828, ]feikle.^On the oonsiruction of an aip barometer. PhU, Mag.f Vol, 
LXn, 1828, p. 214. 

Air confined in a tube terminating in a bulb acts through a closed cistern 
. against mercury in another tube open to atmospheric pressure. Proposed 
as an improvement of the Murray arrangement. 

1824, Banten.— Addition of capillary tube. Small pamphlet, containing 

accounts of instruments by Bunten. 

Inserts an additional contracted tapering tube, since known as tlic 
" pipette" or " air trap," in the lower part of the principal tube of a Gay 
Lussac siphon barometer. The pamphlet includes reports, from Arago 
and Humboldt amongst others, commending Bunten^s arrangement. 

1824, Newman.— On a mountain barometer constructed with an iron cistern. 

Quar. Jour, of Science, Vol. XVI. p. 277. 

Substitutes cistern of iron in place of wood : fixes a thermometer with 
the bulb in cistern to obtain the proper temperature of the mercury : 
draws attention to the inaccuracy of the ordinary system of marking off 
barometer scales from a presumea standard without regarding the absolute 
height of the mercury or the relative proportions of the diameters of the 
tubes and cisterns. 

1825, Blaokadder.— On the construction of meteorological instruments, so as 

exactly to determine their indications during absence, at any given instant, 

or at successiye intervals of time. Trans, Boy, Soc. Edinburgh, Vol. X. 

p. 887. 

Barometer cistern of iron has small orifice governed by an air-tight stop 
cock, communication with atmosphere being cut off by a time-piece at any 
given instant : proposes to arrange a series of barometers to be thus acted 
on hourly, each in succession, during absence of observer. 

1829, W. H. Wollaston.— On a differential barometer. Phil. Tram. 1829, 
p. 188. 

For measuring small variations of pressure : for experimental use. 
Particulars will be found in the " Historical Account," 

1830, Daniell.— On the water barometer erected in the Hall of the Royal 

Society. Phil, Trans. 1882, p. 589. 

Contains a very full account of the construction of the barometer and of 
all operations in connection therewith. For a few particulars see the 
" Historical Account," 

1881, Robinson.— Description of a mountain barometer the column of which 
is divisible into two portions for safer and more convenient transport. Proc. 
iJoy. Sof. Vol m. p. 40. 

Of siphon form made to separate into two portions, one portion when 
out of use containing the mercury. 

1884, TrailL—On a register barometer for indicating maxima and minima. 
Proc. Boy. 8oc. Edinburgh, Vol, I. p. 57. 

Consists of a diagonal and a rectangular barometer : piece of thick iron 
wire is introduced in upper part of former for register of maximum, and 
into horizontal arm of latter for register of minimum. Each index to be 
replaced by application of a magnet, 
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1836, Stevelly.— Description of a self-registering barometer. Phil, Idag. 
Vol. Vm. 1886, p. 67. 

Tube fixed : cistern^ connected to hydrometer floating in the fluid of 
a fixed vessel, by its rise and fall indicates variations of pressure which 
can be communicated to a recording pencil : scale may be made to bear 
any proportion to that of the ordinary barometer. 

1887| Baily.— Description of a new barometer recently fitted np in the apart- 
ments of the Royal Society. PhiL Trans. 1887, p. 481. 

Had two tubes, one of flint glass and one of crown glass, dipping into 
the same cistern : scale between the tubes, common to M)th, earned agate 
point below, for adjustment to the surface of the mercury in the cistern in 
the Newman manner. 

1887, WoodB.— Large standard barometer. Quar. Jour. Met. Soc. Vol. 
vn. p. 77. 

A barometer made for the old Meteorological Society of London, '^ the 
proportion of the calibre of the tube to that of the cistern being as 1 to 50.'* 
A cumbersome and unscientific instrument, considering the date of its con- 
struction. 

1838, Ooggan.— Description of a self -registering barometer. Proc. Boy. Soc. 

Vol. IV. p. 72. 

The wheel barometer principle, having float and pulley arranged to 
record at intervals on paper moved by clock work. 

1838, T. B. Jordan.— On a new mode of registering the indieations of meteo* 

rological instroments. Sixth Annual Report (1838) of the Royal Cornwall 

Polytechnic Society, p. 184. 

First actual application of photograpliv to the registration of barometric 
and other variations : suggests that by drawing opaque lines on the baro- 
meter tube its scale can be also photographed. 

18399 Cooper.— Hydro-pneumatic baroscope. Phil. Trans. 1889, p. 425. 

A vessel open below and floating in water contains a portion of air the 
dilatation and contraction of which, under variation of atmospheric 
pressure, causes the vessel to rise and fall. An instrument was constructed 
and the scale experimentally determined. Similar in principle to that of 
Caswell, 1704. 

1839, Howlett.— Compensating barometer requiring no corrections either for 

zero or for temperature. Proc. Roy. Soc. Vol. IV. p. 188. 

A second tube closed at lower end and filled with mercuiy to the height 
of 28 inches is placed by the side of the ordinary tube and supported by a 
float in the cistern : a scale rests on the mercury in its upper end : it is 
assumed that the difierence of expansion of the two nearly equal lengths 
of mercury may be neglected. An arrangement almost identical with this 
was again proposed in the year 1886. 

1840 (?)« Daniell.— Platinum guard. Daniell : Meteorological Essays, 8rd 
Edit. Vol. n. p. 295. 

Describes his platinum guard, a rin^ of platinum fixed to open end of 
tube in cistern to prevent infiltration of air, 
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1840| Newman.— Standard barometer. 

Newman about this time constructed an excellent form of standard 
barometer, having tube of large diameter and fixed cistern : the scale was 
carried by a rod terminating below in an ivory point forming the zero, 
which, being adjusted by screw action to the surface of the mercury, 
adjusted also the scale. 

1841^ EreiL — ^Barometrograph. Magnetische und meteorolof/Uche Beobach- 

tungen zu Frag. 1841-1842. 

Float in short branch of a siphon tube actuates a point which, struck by 
a hammer at intervals, gives indication on paper moved forward by a 
clock. A modification of the old Changeux pnnciple. 

1842| Beadman.-~Improyements in the barometer. Specifications of Patents. 

Proposes to weigh cistern and contents by a spring or balance : applies 
photography to the registration of barometric variations. 

1842j Wheatstone.-- On a new meteorological instrument. British Aswcia- 

tion Report^ 1842 : Notices and Abstracts, p. 9. 

Suggests that a platinum wire should make contact with the mercury in 
the tube of a barometer or other meteorological instniment, so creating an 
electric current wliich should be utilized to record at intervals the instni- 
mental variations. 

1844| Biyaon.— New self -registering barometer. Trans, Rog. Soc, Edinburgh, 

Vol. XV. p. 608. 

The old Changeux principle in a still better form, a revolving cylinder 
being used for the record. An instrument was constructed and for some 
time used. Record intermittent. 

1845j Henneaay. — On the application of photography to registering the ther- 
mometer and barometer. Phil. Mag. Vol. XXVII. 1845, p. 278. 

Proposes that light passing through tube of barometer above the mercury 
liall be received on photographic paper di 
suggests the use of artificial light at night. 

1846| Lament.— Beschreibong der an der MUnchener Stemwarte zu der 

Beobachtmigen verwendeten neuen Instrumente and Apparate, 1851. 

Contains account of recording barometer. The Bryson principle with 
variation in details. Record intermittent. 

1847y Brooke. — On the automatic registration of magnetometers and other 

meteorological instruments by photography. Phil, Trans. 1847, p. 69. 

This, the second of two papers, contains description of Brooke^s appli- 
cation to barometer, in principle similar, though differing somewhat in 
details, from that actually adopted at the Royal Observatory, Greenwich, 
for description of which latter arrangement see account in the Introduction 
to the Magnetical and Meteorological Section of the several volumes of 
Greenwich Observations. The photograpliic record is governed by action 
from a float in the short branch of a siphon tube : record continuous. 

1847| RonaId8.^0n photographic self-registering meteorological and mag- 
netical instruments. Phil. Trans. 1847, p. 111. 

The arrangement for barometric record herein described may be regarded 
as that on which fundamentally the ordinary Kew pattern barograph is 
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based. See Report of the Meteorological Committee of the Koyal Society, 
1867. The top of the column of a cistern barometer is photographed, and 
the record is continuous. 

I8489 Vidi. — ^Aneroid barometer. 

Produced the ordinanr form of aneroid barometer in which a corrugated 
metal box exhausted of air is, by gearing work, made to actuate an index 
hand. 

1850| Harrie.—Improvements in barometers. Specificatiom of Patents. 

A modification of the sympiesometer, employing mercury instead of 
oil. 

1851| Bush.— An account of ascents in the Nassan and Yiotoria balloons 
with a description of Rash's registered dials. Pamphlet, dated 1851. 
Adds to the aneroid an altitude scale. 

1861j DoUond.— Atmospheric recorder. Eeport of Jury on Phil, Insts, 

1851, p. 654. 

Includes barometer of siphon form : again a modification of the 
Changeux principle : record intermittent. 

1861, Hall.— Meteorological clock. Report of Jury on Phil. Insie, 1851, 

p. 658. 

A barometer is kept vibrating by a clock, measuring by the number of 
vibrations made in a certain time the mean pressure of the air. 

1851, BorBilL—Compensatory cistern barometer. Report of Jury on Phil* 

Imts. 1851, p. 658. 

A self-acting contrivance for maintaining the mercury in the cistern 
always at the same level. 

1861, Abraham.~Self-a4Ja8ting scale. Report of Jury on Phil, Inste. 1851, 

p. 658. 

The scale, suspended from a pulley and counterpoised, has its lower end 
connected to a float in the short branch of a siphon barometer. 

1851, Bourdon.— Metallic barometer. Report of Jury on Phil, Imts, 1851, 

p. 659. 

Consists of a thin circular shaped elastic metal tube of elliptic section, 
closed at its ends and exhausted of air : on increase of atmospheric pres- 
sure the ends approach, and on decrease of pressure recede ; this motion 
is communicated by gearing work to an index liand traversing a dial plate. 

1861, Ericsson.— Alarm barometer. Report of Jury on Phil. Inste. 1851, p. 

659. 

Chiefly for use on ship board : cistern is attached to a balanced lover } 
when mercury sinks to a certain reading a gong is sounded : can be ad- 
justed so that notice may be given when any required reading is reached. 

1852, Negretti and Zambra.— Improvements in barometers. Specifications 

of Patents, 

Short mercurial barometer with flexible bulb on which the atmospheric 
pressure act^f. Also arrangement of small tubes at upper and lower ends 
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of an ordinary siphon tube, parallel thereto and communicating respectively 
therewith, placing in each small tube an index to show maximum and 
minimum pressure. 

1858^ Brown.— Improvements in barometers. Specifications of Patents. 

Contrivances for reducing length of tube ; for increasing range of scale ; 
and for compensating sympiesometer form for temperature, thereby dis- 
pensing with the use of a thermometer. 

I8&89 P-Adie. — Kew marine barometer. See British Association Report, 

1853 ; and Instnictions in the Use of Meteorological Instruments^ published 

by the Meteorological Committee. 

Cistern of iron having no adjustment : tube below scale contracted : 
shortened scale to compensate for variation of mercury level in cistern. 
A much used English instrument The " gun " barometer, having its 
tube paeked to check vibration, and used in the Royal Navy, is a modi- 
fication of this form. 

1853| BanUne.— Barometric pendolnm for the registration of the mean at- 
mospheric pressure during long periods of time. Phil. Mag. Vol. YI. 
1868, p. 482. 

Proposes to attach a siphon barometer to a revolving pendulum. Simi- 
lar prmciple to that of Hall previously noticed. 

18t6, WheatstottOk—Enregistreur m^t^rologique. Du Moncel: Expose 

des applications de Veleetriciti. 2nd Edit. Vol. II. p. 870. 

Said to have been made for the Kew Observatory : includes barometer, 
the indication being governed by electric current depending on contact 
made with the mercury in the short branch of a siphon tube : record inter- 
mittent. 

1856| Liais.— Barom^trographe. Du Moncel: Expose des applications de 

VeUctricite. 2nd Edit. Vol. II. p. 400. 

The second form of an arrangement for recording bv electric action 
(depending on contact made with the mercurv in the short branch of a 
siphon tube) the maximum and minimum values of diurnal barometric 
pressure, with the times of their occurrence. 

1886f Da Moncel and ICasflon.— BaromStre electrique. Du Moncel : Expose 

des applications de VeUctriciti. 2nd Edit. Vol. 11. p. 405. 

Application of an electric current to (1) adjustment of the mercury 
level m the cistern, and (2) to complete measurement of the height of the 
colnmir, leavinsr only the mere scale reading to be taken by eye examina- 
tion. A slighUy modified form of (2) has been constructed both by 
Salleron and Negretti & Zambra (see their respective catalogues). 

1856> Welsh.— Account of the construction of a standard barometer, and 

description of the app^Uratus and processes employed in the verification of 

barometers at the Kew Observatory. Phil. Trans, Vol. CXLVI. p. 607. 

Describes in detail the special method employed for filling the tube of 
the great standard, of above one inch internal diameter : also tlie cathcto- 
meter and manner of using it. 
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1867^ Davoat.— M^moire snr nn nonveaa barom^tre. Comptes Eendus^ Vol. 
XLIV. p. 668. 

Calls his instrument a repeating barometer : for an abstract of his de- 
scription see the " Historical Account.'* 

1867| Milne.— Barograph. Negretii and Zambra: Treatise on Meteorological 
Instruments, 1864, p. 82. 

A construction somewhat similar to that of Kreil. Substituting a re- 
volving cylinder for a moving rectangular board, this becomes a M)nn of 
instrument, with intermittent record, since constructed by various makers, 
and known as the improved Milne. 

1857^ Thomthwaite.~Improyements in barometers. Specifications of 
Patents, 

Makes barometer tube with flattened bore, employing enamel on one 
side : marks divisions upon flattened tube. 

ISS?^ Secchi—Descrizione del Meteorografo dell' Osservatorio del Collegio 
Eomano. Estratto del BuUetino Meteorologico, 1866. 

Includes recording barometer, reviving the old Morland form of balance 
barometer: cistern fixed: tube of iron attached to beam: makes two 
separate and continuous records having different values of time scale : by 
the introduction of parallel motion arrangements the recording points are 
constrained to move in straight lines instead of in arcs of circles, as in 
many of the later contrived forms of barographs. 

1867| Forbes.— Notice respecting Father Secchi's statical barometer, and on 
the origin of the cathetometer. Proe, Bay. Soc. Edinburgh, Vol. HI. p. 
480. 

Consists of notes on various points in the history of these instruments. 

1857| Begpiard. — ^Barometrographe. Da Moncel : Revue des applications 
de Velectrudte 1857 et 1858, p. 416. 

A fixed barometer of siphon form has two turned up branches, one 
short, as usual, and one longer, extending also downwards : both are in 
communication, so that the mercury level is the same in each. A fixed 
platinum wire projects into the shorter branch, and a long plunger dips into 
the mercury of the longer branch. In connection with the fixed platinum 
point is a relay controlling two electric circuits. When the mercury is 
touching the platinum point, the relay current passes by one circuit ; when 
the mercury is not touching the point, it passes by the other circuit ; in 
the one case causing mechanism to elevate the plunger, and in the other 
case to depress it: the plunger is thus in contmualvery slight vertical 
oscillation, depressing or elevating the mercury to restore it to the level 
of the platinum point. On variation of atmospheric pressure the plunder 
becomes more elevated or more depressed on the whole, in order to main- 
tain the mercury at this level, and its motions are communicated to a 
pencil marking on a revolving cylinder : record continuous : by diminishing 
the diameter of the plunger the scale of barometric variation becomes 
increased. [A new principle of action, of which the later contrivances of 
Montigny, Hough, Redier, Gibbon and Rung are all types.] 

1867, Montigfny,— Barom^trographe. Du Moncel : Revue des applications 

de Velectricile 1857 ot 1858, p. 420. 

In this arrangement the mercury in the lower branch of a siphon tube 
is maintained at a constant absolute level by vertical shift of the whole 
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barometric tube. Two electric circuitd closed, one by the rise, tlie 
other by the fall of a float, create currents which through mechanism act 
by a vertical screw, the one to depress, and the other to raise, the whole 
barometer mitil the mercury level is restored, when the contact becomes 
broken and the motion ceases. No action takes place unless the atmo- 
spheric pressure itself changes. The motion, which proceeds by very 
smidl steps, is communicated to a recording pencil. 

1858| Hardy.— Barom^trographe. Du Moncel : Bevue des appUcatiom de 

VSleeiricUS 1857 et 1858, p. 422. 

In principle similar to the improved Milne, having double pulley instead 
of beam with unequal arms : record intermittent. 

1859, Punaclove.— Improyements in barometers. Specifications of Patents. 
Describes a mercurial barometer considered to be neither liable to 
oscillation nor affected by temperature. 

18S9| Newton.— Improvements m the constniction of barometers. Specific 
eatiom of Patenti. 

Atmospheric pressure acts on an elastic boi containing liquid causing 
it to rise more or less in an attached closed tube freed of air. 

ISSBf Bird.— Water barometer constmcted and erected by Alfred Bird, of 
Birmingham. Phil. Mag. Vol. XXX. 1865, p. 849. 

Was exhibited to the members of the British Association at their Bir^^ 
mingham meeting (1855), and said then to have been in perfect action for 
six years. 

1880, Bdmltte.— Barograph. Schmid: Lehrbuch der Meteorologies 1860, 
p. 821. 

A modification of the old Changeux principle : record intermittent. 

1800| Loselqr.— The Uaory barometer. Printed explanatory sheet, dated 
. See also Quar. Jour. Met. 8oc. Vol. Y. p. 191. 
An aneroid barometer constracted by Loseby at the instigation of Capt. 
Manry, who represented to him the necessity existing for a better form of 
the instnunent, especially for momitain work. The ordinary gearinff work 



is dispensed with, the motion of the vacuum box being multiplied by use 
of a fine micrometer screw which actuates an index hand i tne divisions 
on the dial are contained in a spiral of several coils from the outside 
towards the centre: scale maybe in feet, or in inches of barometric pressure. 

I860, Newtol.*-Improtenients in metallio barometers* Specifications of 
Patents. 

Relates to improvements npon the Bourdon barometer: also applies 
thereto a band oi paper moved by clockwork for registration of the baro- 
metrical variations. 

I86O1 8iUeroil.*-De8cription dn m^tterographe dn DepAt de la Marine. 
Pamphlet by Caspari, bearing date 1664. 

Includes barometer : record is determined by electric contact made with 
mercory in short branch of siphon tube, and is intermittent. 

1860, Tata.— New forms of ihermo-barometers. Phil. Mog. Vol. XIX. 1860, 
p.l. 

Describes two improved but easily constructed and inexpensive f ormfT, 
founded on the principle of the ordinary sympiesometer. 

lOBW 0BBB8«~YOXit SO. M 
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1861, Howson.— Long range barometer. Specifications of Palents. See also 

Proc. British Met. Sac, Vol. I. p. 81. 

Tube fixed: light stalk from cistern rises axially up tube to a height of 
about 28 inches above fixed level of mercury in cistern : stalk, cistern and 
mercury therein are Held in suspension by the pressure of the atmosphere, 
with the variations of which the cistern will rise or fall : a pencil attached 
to cistern may be made to record on travelling paper. 

I86I9 Macneill.— Long range barometer. SpecifieaUons 0/ Patents. 

The last described construction reversed. Tube is freely suspended in 
the mercury of a fixed cistern by means of one or more attached floats and 
rises or falls according to the lesser or greater pressure of the atmosphere : 
a pencil rising and f aUing with the tufa« can mark on moving paper. 

1861, Brtwning.— Improvements in barometers. Specifications 0/ Patents. 
Relates to indication of extremes since last setting by two hands yielding 
without appreciable resistance to the index hand. [A principle carried 
out by Fitzgerald in 1761 and 1770.] 

1861, Pitkin.— Improvements in aneroid barometers. SpeciJic<Uions of Patents. 

Jewels the axes of the working parts. 

1862) Hicks.— Improvements in mercurial barometers. Specifications of 
Patents. 

Makes the upper part of the tube of spiral form to obtain extended !*cale. 

1862, Blackwell.— Improvements in barometers. Specifications of Patents. 

Employs four or more aneroid cliambers in combination ; in another 
instrument applies a micrometer arrangement for reading off observations 
with increased accuracy. 

1862, King.^Barograph. See Report of the Astroiwmer to the Marine Com- 
niUtee : Liverpool : December, 1865. 

Cistern fixed: floating and guided tube of iron hangts from pulley, on 
the other side of which is suspended a frame carrying a pencil which 
records continually on a revolving vertical cylinder. A trial balance baro- 
meter was made as earlv as the year 1853, the action of which was considered 
to be so satisfactory that the more elaborate recording instrument was 
afterwards constructed, of wliich a very complete account is given in the 
above mentioned Report. 

1862, Wild.— Die selbstregistrirenden meteorologischen Instmmente der 
Stemwarte in Bern. Carl : Bep.fdr Exp. Physik. Vol. IE. p. 161. 

(vontains notice of WihVs first form of balance barometer : cistern fixed : 
tube attached to beam : reconl intermittent. 

1833, MitcheL— Hermetic barometer. Specifications of Patents. 

A flexible or elastic chamber containing liquid communicates by a tube 
with a rigid bulb enclosing air, the atmospheric pressure acts upon the 
lic|uid through the medium of the flexible chamber. 

186S, Jeannon.— Barometre a air libre. Le^ Mondes, Vol. I. p. 581. 

Special construction intended to indicate variations both of pressure and 
of temperature. 

1863, Armellini.— NoQvcan baromStre. Les Mondes, Vol. UL. p. 99. 

A peculiar form of floating barometer. 
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i864|Hieks.— Improved mercurial barometer. Proc, Roy. Soc, Vol. XTTT. 
p. 169. 

Has straight tube open at bottom without cistern, the bore of tlie upper 
portion of me tube being smaller than that of the lower, giving extended 
scale. 

1864| Hnntiiigdon.— Improvement in the scale; of aneroid and mercurial 
barometers. Specifications of Patents. 

Application of altitude scale [already done by others]. 

1865| Glnm.~An improved instrument for indicating atmospheric changes. 
Specifications of PatetUs. Known as the Aelloscope and described at length 
in a pamphlet bearing date 1866. 

An arrangement consisting of a fixed mercurial tube and cistern, there 
being suspended in the tube a float having attached thereto several large 
external chambers containing air or gas. A complicated instrument. 

1865^ Cooke. — ^Improvements in aneroid barometers. Specifications of Patents. 

Substitutes for the fine chain connecting the svstepi of levers with the 
index hand a very thin tape-like band or fine wire of gold, platinum, or 
other ductile metal, by which a smoother motion is obtained. 

I8669 Hough.— Automatic Registering and Printing Barometer. Annals of 
the Dudley Observatory, Vol. 11. 

A disc, in communication with the float in the lower branch of a fixed 
siphon tube, completes an electric circuit above or below it according as 
the float is rising or falling, wliich through mechanism raises or depresses a 
vertical screw connected with a pencil by wliich a continuous record is 
obtained. The motion proceeds by very small steps. Type become also 
arranged bv which in adaition a record, hourly or otherwise, may be printed. 
[Very similar to the arrangement of Montigny as regards tlie registering 
portion of the apparatus.] 

1866^ Naudet.— Das holosterische Barometer. Carl : Rep, fur Exp. Physik. 
Vol. m. p. 54. 

Applies a thin laminated spring in place of the spural spring of Vidi. 

18669 Barret— Description d*mi nonveau barom^tre differential. Les Mondes^ 
Vol. Xn. p. 448. 

l867| Armellinl— Due nuovi barometri areometrici. Estratto del Bulletino 
nautico e geografico di Eoma, Vol. FV. 

. A barometer tube having light attached metal sphere floats in a vessel 
containing glycerine : the lower portion of the vessel contains mercury 
forming cistern to the tube : rise and fall of tube indicate variations of 
pressure on an extended scale. [Reversing the positions of the tube and 
cistern the arrangement becomes that of Stevelly, 1836.] 

1867> Bregnet— Barograph. Carl : Rep. fur Exp. Phyrik. Vol. HI. p. 880. 

An aneroid barometer, employing four chambers in conjunction, is made 
by proper gearing to record on a revolving cylinder turned by clockwork : 
record continuous. Similar constructions have been arranged by Richard 
and others. 
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1887, Badan. — Mittheilongen tiber die anf der Pariser Anssielhmg befind- 
lichen pbysikalischen, maihematischen und astronomiscben Instnunenie 
und Apparate. Carl : Eep.fdr Exp. Physik. Vol. m. p. 281. 

Contains much information relating to the history of recording baro- 
meters. 

1869| TheorelL— Description d'un m^t^orographe imprimenr. Tram, of Roy. 
Acad, of Sciences, Sweden, 1871. 

Includes a barometer of siphon form : at inter>al8, by clock action, a 
steel point descends into short branch, and type become arraneed in a 
definite position, regulated by electric action by the contact made between 
the point and the mercury ; then the printing is effected. A band of paper 
sufficient to contain the record for three months is used : it rolls off one 
cylinder and as it comes from the machine is rolled on to another. There 
is no record other than the printed one. 

1870 (?), MacneilL— Boylean-Mariotte barometer. Casella: Catalogue of 
' Meteorological Instruments. 

A compact and portable compression instrument, a definite degree of 
compression of air being measured by a column of mercury open to 
atmospheric pressure. 

1870, Calantariento.— New portable mercurial barometer. Phil. Mag. 
Vol. XXXIX. 1870, p. 871. 

Confined air acts against mercury in a tube open to atmospheric pressure : 
includes arrangement for compensating for changes of temperature. 

1870, Gtoldschmid.— Ueber ein nenes Aneroid-barometer, beetimmt zu baro- 
metriscben Hohenmessnngen. Carl: Rep. fur Exp. Physik. Vol. VI. p. 165. 

No gearing work : the actual motion of the vacuum chamber is magni- 
fied in the motion of the long arm of a lever, which motion is measured by 
means of a micrometer. 

In Weilemann's aneroid, noticed in the Quar. Jour. Met, Soe^YohWASlf^, 
p. 193, the increased motion produced by uniting several vacuum chambers 
IS measured by means of a microscope containing a fiducial line and carried 
by a micrometer screw. 

1870, VolpioellL—Note sur nn baromdtre photographique. Comptes Rendus. 
Vol. LXX. p. 884. 

In this arrangement a scale of millimetres traced on glass is photo- 
graphed with the barometric variations upon the same paper, 

1870j llVild.— Beschreibnng des Normal-Barometers und Manometers des 
pbysikalischen Central-Observatoriums. Rep. fur Meteorologies Vol. HI. 
p. 28. 

Normal barometer with cathctoraeter arrangement. 

1870, Wild.— Beschreibung unsers selbstregistrirenden Wagbarometers mit 

Temperatur-compensation. Rep. fur Meteorohgie, Vol. IQ. p. 181. 

Wild's second and improved form of balance barometer : cistern fixed : 
tube attached to beam : record intermittent. 

1871, Oreen.--U. S. Signal service barometer. Nature^ Vol. IV. p. 412. 

The barometer used bv the Signal Oflice observers is said to be by Green, 
having cistern furnishea with a small glass index to which the mercury ia 
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a^ listed by a screw working through bottom of iiiBtrament agaust the 
flexible bottom of cistern. 

1871| Helkr.— Barometer without mercury. Phil. Mag. Vol. XLI. 1871, 
p. 401. 

A scale beam having at the ends two bodies nearly equal in weight but 
gre&tly differing in volume : fixes a mirror to the beam and observes 
its variations by means of a telescope and fixed vertical scale. [In prin- 
ciple the instrument is similar to the baroscope of Boyle.] 

1871j Whitahoiue.— Differential microbarograph for recording minute varia- 
tions of atmospheric pressure. Proc. Roy. 8oc. Vol. XIX. p. 491. 

An instmment for measuring on a magnified scale small variations of 
atmospheric pressure. For some further particulars see the *' Historical 
Account." 

187S| BuaselL— Self-registering electrical barograph. Quar. Jour. Met. 

8o€. Vol. I. p. 122. 

Tube fixed : cistern floats in mercury : a reciprocating motion given by 
clockwork to a frame causes it to meet an arm, carried by and projecting 
from the cistern, at a different point according to the position of the 
cistern, thereby creating an electric current which compels a pen to rule 
ordinates so close together on paper on a revolving cylinder that they 
produce the appearance of a continuous curve. 

1872^ Btevenaon.— Improved dial barometer. Journal of the Scottish Met. 

Soc. Vol. m. p. 289. 

Proposes to employ two siphon barometers : the threads from the 
two floats to pass in opposite directions over two concentric rings or 
pulleys, the outer one being graduated, the inner one carrying an index : 
the length of the scale is thus doubled, independently of consideration of 
the diameters of the piUleys. 

1878| Field.— Improved form of aneroid for determining heights, with a 

means of adjusting the altitude scale for various temperatures. Quar. 

Jour. Met. Soe, VoL IE. p. 10. 

By shift of the altitude scale the instrument is accommodated to different 
air temperatures. 

1878, Gaorge.— Mereurial barometer for the use of travellers, filled by the 
spiral cord method. Quar. Jour. Met. Soc. Vol. II. p. 29. 

To be filled when required to be used : is graduated on glass tube and 
difference of mercury levels observed. 

1878| Menddeefll— Differential barometer. Was exhibited at the London 

International Exhibition of 1878. 

Appears to have been intended for philosophical work rather than 
meteorological. 

1878, Tan Byiidbeighe.— Universal system of Meteorography. Quar. 

Jour. Met. Soc. Vol. 11. p. 867. 

Includes barometer : a dipping rod descends at intervals into the lower 
branch of a siphon tube and, on contact with the mercury, creates an 
electric cuirent whioh causes a burin to draw a line whose length depends 
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on the height of the mercury : lines so drawn represent orduiates of the 
barometric curve : the cjrlinder is covered with a thin plate of copper 
coated with etching- varnish, and when the plate has received the inscrip- 
tions of the burin, it is taken off and plunged into aquafortis, and thas 
becomes an engraved plate. 

1873, Wild.— Neues Heber-barometer. Bep.fur Meteorologies VoL HI. 
See also Carl : Rep, filr Exp. Phydk, Vol. XI. p. 



Describes a form of siphon barometer used at meteorological stations 
in Russia. Earlier forms of Russian station barometers are described in 
Wild*s Instructionfur meteorologUehe Stationm^ 1869. 

187S| J* B. Jordan.— On the construction of a glycerine barometer. Proe. 

Roy. 8oc. Vol. XXX. p. 105. 

Experimented with various fluids, and finally selected glycerine as the 
best for an extended scale barometer : has made several such instruments. 

1874, Baumhaner. — Sur un m^t^orographe oniversel destin^ aax observa- 
toires solitaires. Extrait des Archives yeerlandaises, Vol. IX. 

Includes barometer in telegraphic communication with the recording 
station, and whose indication at that station is determined by electric 
contact : record intermittent. 

1874, Crova.— Description d'an barom^tre-balance enregistrenr. Mhidres 
de VAeadeinie dee Sciences de Montpellier^ Vol. IX. 

Tube fixed: cistern attached to counterpoised beam: record inter- 
mittent. 

1874, Kohlrauscli.'-Ein Variations-barometer. Poggendorff AnnaUn, Vol. 

CL. p. 428. 

An air exhausted Bourdon ring is made to act on a Amall suspended 
mirror : the barometric variations are observed by means of a telescope 
and fixed vertical scale. 

1874, Stevenson.— Proposed portable iron barometer. Journal of the Scot- 
tish Met. Soc. Vol. rV. p. 265. 

Has system of stopcocks for rapidly clearing air .from vacuum portion. 

1876, Bedier.— New barograph. Quar. Jour. Met. Soc. Vol. n. p. 412. 

An entirely mechanical* barograph : a differential clock train causes a 
siphon barometer, by action from its float, to be kept in continual very 
slight vertical oscillation: when tlie atmospheric pressure is changing 
the motion in one direction preponderates, and actuates a pencil : record 
continuous. 

1876, Power. — ^Proposed modification of the mechanism at present in nse 
for reading barometers. Qtiar. Jour. Met. Soc. Vol. U. p. 487. 

Fixes the vernier against a divided circle carried by the milled head 
used in setting the instrument, giving an enlarged scale. 

1876, Tonnelot— Form of French station barometer. Loan Coll. Cat. of 
Scientific Apparatus, p. 676. 

Has cistern of large diameter to diminish ci^acity error. 
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1876, OlouklidC— Bussian cistern barometer. Loan CoU. Cat. of Scientific 

Apparatus, p. 679, 

The mercniy is forced at each obBervation into an open space, and the 
lower end of the scale adjusted thereto. 

1876, Hieks.— Patent flexible mountain barometer. Tuoan Coll. Cat. of 
Scientific Apparatus, p. 680. 

Atmospheric pressure acts upon a flat bulb of flexible glass containing 
morcuiy : is exhausted of air and hermetically sealed. 

1876, Enieger,— <lompensat6d barometer. Loan. Coll, Cat. of Scientific 
Apparatus, p. 681. 

The upper part of the tube is enlarged and air introduced, with the 
object of compensating for the effect of temperature. 

1876, MoUer.-— Self-registering and signalling vesBel barometer. Loan Coll. 
Cat. of Scientific Apparatus, p. 704. 

Said to be new both as a whole and in its details : has uninterrupted 
automatic adjustment which by electric action makes all changes in the 
atmospheric pressure, even the smallest oscillations, audible : is also a 
recording instrument. 

1876, Oreitter and Odasler.— Barograph. Loan Coll. Cat. of Scientific Ap- 
paratus, p. 712. 

Balance barometer : said to be used at all the normal observing stations 
on the Grerman coast. 

1876, Abereromby.— An improvement in aneroid barometers. Quar^ Jour. 

Met. Soc. Vol. m. p. 87, 

Jewels the ends of the arbor of the index hand, and makes the hand 
work underneath the cap. 

1876, Fasting.— On a new form of meteorograph. Pamphlet dated 1876. 

Includes barometer of siphon form, float in which is connected with 
one end of a balance beam, the other end of which governs a marking 
point : record intermittent. 

1876, OUa&d.— Le t^l^m^t^orographe. Extrait des Archives NSerJandaises. 

Vol. XIV. 

Arranged to register at a distance. Includes barometer of balance 
form: tube fixed: cistern attached to beam: indication at recording 
station (in telegraphic communication with instrument station) is deter- 
mined by electric contact which a moving arm makes with an arm in con- 
nection with the balance beam, earlier or later according to its position 
as depending on the varying position of the cistern : record intermittent. 

1877, Stanley.— Barometrical clock for registering mean atmospheric pros- 

sure. Quar. Jour. Met. Soc, Vol. HI. p. 852. 

A barometer forms the pendulum, the number of oscillations of which 
is read off from dials. Similar in principle to Hall 1851, and Rankine 1853. 

1877, Powar.—Improved form of mercurial barometer. Quar. Jour. Met, 
Soc. Vol. m. p. 486. 

Uses a double column of mercury and an overflow cistern arrangement 
with his niechanism for reading off proposed in 1875, 
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1877, Bogen.— standard giphon barmneier. Quar. Jour. Met. 8oe. Yd. 
IV. p. 70. 

A trayelling barameter easily pnt together: filled when required for 
use : at short branch has adaptation of a cw^ through which passes a fine 
screw, carrying at its lower end a point for adjustment to ttie surface of 
the mercury, and at its upper end a graduated disc which may be em- 
ployed for differential readings. 

1877, Outhria.— A sensiiiTe mercury barometer. PkU. Mag. Vol. HI. 

1877, p. 189. 

A horizontal spiral of small internal diameter and containing air bubble 
forms the connexion between the two branches of & siphon barometer of 
larger diameter, thus giving by the motion of the bubble an enlarged 
scale. 

1878, Sprang.— Eine nene Form dee Wagebarographen. Carl : Bep./ur Exp. 
Phynk. Vol. XIV. p- 46. 

1878, Sohreiber.— Der Baroihermograph. Carl : lUp.fur Exp. Physii. Vol. 

XIV. p. 471. 

The barometer is of the balance form : cistern fixed : tube attached to 
beam : record intermittent. 

1878, Anberger and Starke.— Das Stand-Aneroidbarometcr. Carl: lUp. 
fiir Exp. Physik. Vol. XIV. p. 780. 

1879, Bontgen.— Ueber em Aneroidbaromeier mit Spiegelablesong. Carl : 

Rep, fiir Exp. Physik. Vol. XV. p. 44. 

In both of these forms of aneroids two or more vacuum chambers are 
employed, and endeavour made further to increase the accuracy of the 
micrometrical method of measurement. 

1879, Bogen.-— Standard cistern siphon barometer. Qiiar. Jour. Met. Soe. 

Vol. V. p. 187. 

An improved form of his travelling barometer: employs an electric 
current and small bell to ensure greater accuracy in the adjustment of the 
point to the surface of the mercury in the open leg of the siphon. 



1879, Cecd.— Meteorological Registers at Montsooris. Nature, Vol. XX. 
p. 820. 

The recording barometer is the balance barometer of Cecci : tube of 
iron is fixed : cistern of steel is attached to one end of counterpoised 
beam : record continuous. 

1880, Draper.— Self-recording barometer. Beport of the New York Central 

Park Meteorological Observatory, December 1880. 

Tube fixed : cistern is suspended by long spiral springs and carries 
pencil for marking paper drawn forward by clock : record continuous. 

1880, Wallifl.— Barometer acyonct. Quar. Jour. Met. Soe. Vol. VL p. 164. 

Consists of a small microscope for attachment to cistern for more easy 
adjustment of the ivory point. 
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1688; Jdy.— Eleetrie bai^meter. Natwre, Yot. XXY. p. 559. 

Fropoies to ascertain the reading of a distant barometer, telegraphically 
•connected with the recording station, by measore of the vajryin^ resistance 
of the cironit prodaced bv making the barometric colamn in its rise and 
fall expose less or more or a fine carbon thread (having high resistance) 
forming part of the circuit. 

188i^ Bromt— Barometers. A paper in yaiun. Vol XXYI. p. 282. 
Writes on many points in the history of barometers. 

1884) Ohriftenien.— Signalling barometer. SpeeifieaHon$ of Patents. 

An aneroid barometer has an additional adjastable index, which being 
set to any given reading the ordinary index on arriving at that reading 
makes contact with it, creating an electric current which rings a bell. 

1884| GibtaML— Sdf-reeording barometer. Beport of the Chief Signal Officer , 

U.S.A., 1884. 

Iron float restine on mercury in short branch of a siphon tube is sus- 
pended from the snort arm of a lever to whose lonf; arm is attached a thin 
platinum plate adjusted between two platinum points contact with either 
of which creates an electric current which by mechanical action, in the 
one ease raises, and in the other depresses a frame currying a pencil, thus 
producing a conUnuous record. [Almost precisely similar to the Hough 
instrument, excepting that the latter has in addition a type printing 
arrangement.] 

1885* Bu|^.~e|elf-reeording barometer. Symons: Monthly Meteorological 

Magazine f Vol. XX. p. 119. Was exhibited at the Inventions Exhibition, 

London, 1885. 

A siphon barometer is attached to the short arm of a lever : movement 
of the mercury, disturbins the equilibrium, thereby causes a differential 
clock train to snift a weight in one direction or the other as necessary to 
restore it, at the same time influencing a recording pen, which produces 
a continuous register. 

1886, PriflUOfle.— Electric Meteorological Scale Reader. Leaflet, dated 1886. 

Designed to record variations of meteorological instruments placed at a 
distance from the recording station. As applied to the barometer a 
dipping rod descends into the mercury in the short branch of a siphon 
tube, and being gradually raised from a definite point indicates, by a 
change in the character of the distant telegraphic record, when the rod 
has arrived at the surface of the mercury. 

1888|B6diar.— Nouveau baromtoe enregisi^ar k mercnre. Descriptive 

pamphlet dated 1886. 

The later of two forms of his mechanical. barograph. Here the baro- 
meter is at rest A differential clock train keeps a light horixontal arm in 
continuous slight vertical oscillation close to the point of a stalk rising 
from the mercurv in the lower branch of a siphon tube ; the arm following 
the stalk in all its variations of position, the barometric variations, 
through a pencil, become thus continuously recorded. 
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BBOOKE — NOTE ON THB PBOBABILITT OF WEATHEB SEQUENCE. 



''Note on the Pbobabilitt of Wxathee Sequence." By LiBVT.-Coif 
0, E. Bbooke, F.B.M6t.Soc. 

[Bead April 2l8i, 1886.] 
In a paper read at the Meeting of the BritiBh Assoeiation at Aberdeen, 1885, 
Mr. H. Conrtenay Fox, F.B.Met.Soc., enunciated laws which he considered 
regulate the sequence of mean temperature and rainfall in the climate of 
London, based on observations extending over the last seventy years. These 
laws oflfered points of considerable interest, as indicating a possible method of 
obtaining a rough probability of the ordinary sequence of the *' weather 
characteristics*' in any locality. 

Before, however, applying We. Foz*s laws to any other locality, it is necessary 
to assign numerical values to the '* weather characteristics " made use of in 
his paper, and in the following analysis the undermentioned values have been 
employed with regard to the climates of Cobham and Chiswick, 

^= ± 8^ of mean monthly temperature, from April 
to November inclusive. 
± 6° of mean monthly temperature, from De- 
cember to March inclusive. 
= ± 1^*5 of mean monthly temperature, from 

April to November inclusive. 
=s ± 2^*5 of mean monthly temperature, from 

December to March inclusive. 
= ± I of mean monthly rainfall. 
= ±* „ 

These values have been applied to the data in the Cobham Journals and 
Mr. GUiisher's Reduction of the Ohiswiek Observations for the twenty-five 
years 1826-50; and the following results have been obtained : — 



Very warm or very cold 



Warm or cold 

Very wet or very dry 
Wet or dry 



Extract from Mr. Fox*8 Paper. 




Chlswiok. 


Charftcter- 
istics. 


Month. 


5.? 

8 




1 


1 


5 


1 


1 


Very Cold 


(January, April. Jmie, July, \ 
Aug., Sept., Dec. / 


Cold 


z6 


«3 


13 


19 


9 


10 


Very Warm 


January 
June, July, August 


Dry 


8 










I 


(t 


Warm 










K 


Very Dry 


June, July 


Warm 


4 








J i 1 


Very Wet 


January, Marob, April 


Warm 


i8 




II 


14 




r 


i» 


Blay, July 


Cold 


4 













Warm & Wet 


November, December 


Wet 


6 






f 






Warm & Dry 


January 
June and July 


Warm 
Warm 


3 
7 












1* 


August 


Wet 


2 








2 I 


Cold A Wet 


July, August 


Cold 


1 








S 2 


Cold Sc Dry 


December 


Cold 


4 








Z 2 


i« 


November 


Dry 


I 









; I 




Totals 




89 


47 


4a 


78 


39 1 39 



Bbmabks on best Appboximations.— At Cobham 7 very oold Augusts were followed 
by 5 oold Septembers. At Cobham 3 very warm Julys were followed by 3 warm 
Augusts. At Cobham 2 very warm Junes were followed by 2 warm Julvs. At Chis- 
wlck 4 very warm Januarys were followed by 3 warm Februarys. At Cobham 4 warm 
and dry Junes were followed by 3 warm Julys. At Cobham and Chiswi<^ 5 warm and 
dry Augusts were followed by 4 wet ^eptemben, 
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In 167 oa86s» 80 agreed and 81 disagreed. In the twenty-eight several 
months nnder examination, an approximation took place in six at Gohham, 
and in one at Ghiswiok. 

Looking broadly at the above resalts, it appears that the laws indicated by 
Mr. Fox do not apply to the climates of Cobham and Ghiswick: this is 
almost a foregone conolosion, as the weather oharaoteristics of any locality in 
the British Isles cannot be expected to show signs of invariability, depending 
as they do on the passage of storms whose track and distance are essentially 
variable. 

StiU, if meteorological authorities would agree to a certain percentage of 
excess and diminution of temperature and rainfall, as indicating the ** char- 
acteristics '* named in the paper under discussion, it might be worth some 
one's while to undertake an investigation of several long-continued series of 
observations, in order to ascertain if even a strong probability exists that the 
influence of a preceding period is a definite Unctor in ttie weather characteristics 
in a succeeding one, 



DISCUSSION. 
Mr. Fox said that he would have liked to gee Col. Brooke's paper, in order to 
understand the wav in wliich the subject was treated before offering anv criticisms 
upon it. No one felt more than himself the importance of clearly defining the 
terms and methods employed. He therefore regretted that the author had based 
his paper upon a report in Nature, which merely gave an extremely brief sum- 
mar^r of Ids conclusions, without any hint of the manner wherebv they had been 
obtained. It was possible that the failures discovered by Col. Brooke were due 
to his results being founded upon ide«s as to what was " verv cold,** " very dry/' 
&c., which were different from those entertained by himself. He askea, upon 
what principle the author distinguished results that "agreed" from those that 
" disagreed" ? He also inquired what proportion, say of his twenty -five Augusts, 
were "very dry" and "very wet" respectively? Mr. Fox tlien explained the 
method used by himself.' It consisted in taking out, sav, all the Januarys, arrang- 
ing them in the order of their mean temperature, and then dividing the long series 
^extending over seventy-one years) as nearly as possible into five equal sections. 
The middle section is then called "average" temperature, the division on either 
side is termed " cold " or " warm," while the extreme sections are designated 
"very cold" and "very warm." In a similar way the months and seasons were 
arranged in regard to their rainfall. He had n>und tlus simple and imiform 
method capable of extensive application, and it was likely to be of considerable 
utility in enabling us to generalise upon the daily accumulating mass of observa- 
tions. Mr. Fox then illustrated upon the blackboard one of his propositions,-— 
that " a very dry August is apt to be followed by a wet September," in the 
climate of London, — showing that after fifteen very cold Augusts 
No Septembers were very dry. 
2 „ „ dry. 

1 „ was average. 

5 ,1 were wet. 

7 „ „ very wet. 

The probability of a very wet rather than a very dry September (deduced from 
15 instances) might therefore be expressed by the number — 7. Each of his pro- 
positions was accompanied by a similar numerical reference, and he had been very 
careful to exclude any that were of indefinite or ambiguous character. They were 
also utterly free from any bias derived from theory. 

Mr. Symons suggested that it was essential that some explicit definition of the 
terms "warm period," "cold period,'*" &o, used by Mr. Fox should be given, 

I Repcrti ^ tU BHUik Attofititiitn t«r 1879 mX 1885, 



Digitized by 



Googk 



174 DISCUSSION — NOTE ON THB PBOBABIUTT OP WEATHEB SBQUENOB. 

becauife so long as the terms employed were vague and ill-deiined, differences 
must be expected to occur in the results obtained when Mr. Fox*s deductions were 
applied by different people to other series of observations. 

Mr. Whipple saia that it was verv much to be regretted that such elaborate 
theories as , those put forward by Mr. Fox should be founded on observations 
from one place only. For instance, in the case of rainfall, it was certainly 
desirable tnat the arguments advanced as to the sequence of " dry " and " wet " 
seasons respectively, if thev were to be of any vfdue at all, should be based on 
lon^ series of observations from more than one station, as rainfall was so extremely 
vanabie over even a small district. He had read a paper before the Royal 
Society with respect to the periodicity of rainfall,^ and haa found that only two 
series of observations out of ten which he examined gave the same periodicU^. 

Mr. C. Harding said that he had read in Nature the abstract of Mr. Fox*s 
paper to the British Association, and had tested the statement that " the fact of a 
very dry August beiifg followed by a wet September is unique.^ The following 
rainfall for London, published by the Meteorological Office, hardly jtisUfies the 
printing of such a statement : — 

In. In. 

1871 August 0-86 September 5*13 

1880 „ 0-54 „ 4-47 

1883 ^ 0-48 „ 315 

1886 „ 0-93 „ 4-06 

Dr. Tripe thought that in an investigation as to the periodicity of rainfall it 
was desirable to omit rainfall during storms, as even in the case of a series of 
seventy-one years the effect of such excessive falls on the average would hardly 
be eliminated. There would, however, be considerable difficulty in excluding 
excessive falls due to storms, as it would not be easy to settle upon what should 
be treated as storm runf all. 

Mr. Fox remarked that he had simplv used the published results from Greenwich 
in canying out his investigations, and had not in any way attempted to tamper with 
the figures, as he considered that would at once have rendered his conclusions open 
to objection. The effect of excessive rainfalls would be gradually eliminated 
in dealing with a long series of observations. 

Col. Brooke, in reply, said that cases " agreed" when a month having the 
" weather characteristic " described by Mr. Fox was followed by one having the 
" characteristic*^ predicted by him : cases '* disagreed ** when the *' characteristic ** 
of the following month did not accord with Mr. Fox's theory. In the " twenty- 
five Augusts *' at Cobham and Chiswick, one in the former apd one in the latter 
were " very dry ** : and four in the first-named place and none in the last-named 
were " very wet." Col. Brooke said that he had brought this paper before the 
Society in order to show tliat, at present, it appeared to be perfectly impossible to 
estabbsh any law as to periodicity or seauence in the weather of any practical use. 
The President (Mr. Ellis) remarked that previous to 1841 there is no 
authoritative Greenwich rainfall table. The observations before that time did 
not form part of the regular observatory work, and cannot be guaranteed. [A 
collected table of Greenwich results from 1841 to 1879, prepared by Mr. Nash, 
appears in Symons's BrtUsh Rainfall for 1879.] 



ACOOUNT OF THE CtOLONE OF JUNB 8rD, 1885, IN THE ARABIAN SeA. By 

Captain Maurice T. Moss (Oommmiicated by Gapt, H. Toynbeb, 

F.B.Met.Soo.). 

[Bead April Slat, 1886.] 
In most nautical works on the Arabian Sea we find that the authors complain 
that the information is scanty with reference to Cyclones. The following 
Iiotes may therefore possess some vahe. 
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On Jnne 8rd, 1885, while in commuid of the Inohulca steamship, I had 
the misfortnne to encounter a most fnrions cyclonic stonn while on my 
passage to Bombay, being to the east-south-east of Aden at the time. 

Previous to meeting this storm I had followed my usual habit of carefully 
noting the barometer, weather, &c. in my priyate log, thinking it might be 
of some use. I now submit a copy of the log, dating from June Ist to 18th, 
which includes an account of the cyclone, and also of the '* burst " of the 
South-west Monsoon, which was the most violent I have ever experienced. 

Several fine steamers foundered and were wrecked during the cyclone, 
although it was not of large dimensions, from what I can gather from friends 
who were also in it. 

Captain Griffiths, of the S8, Qairo^ mentioned in the log, told me that he 
took the first wind of the storm at South-west, backing Southerly, South- 
easterly, and dying away at East, and he could not have been more than 
thirty or forty miles distant frt>m me, more to the South-eastward, because 
he was bound round Cape Guardalui. 

On my return passage home from Bombay I coaled at Perim, where I was 
informed that the storm did not make its appearance until next morning, 
June 4th, so that it had taken twenty-one hours to travel about 160 miles. 

The immense wave that struck us during the storm, and which did so much 
damage, was never caused by the action of the wind alone, for neither before 
nor after it were the waves anything approaching to it in size. I think it was 
caused by some volcanic agency, and in this opinion I am corroborated by 
others who report being struck by a similar wave. I may mention that both 
Aden Telegraphic Cables lying on the sea bottom were broken. 

Probably this cyclone came from the Eastward, or say South-east by East, 
and when about Socotra Island curved into the Gulf of Aden, travelling to the 
West-south-west into the Gulf of Tejureh. 

Its diameter could not have been large, but its fury was frightful, I suppose 
the more so from its being concentrated. 



Copy op Private Log kept on Board the S.S. " Inchulva," of Liverpool. 
Suez towards Bombay. 

June Ist, 1885. 
a.m. Barometer 29*92 ins. ; temperature 94°. Calms, squalls from the 
Eastward and otherwise light variable winds, with hot sultry weather. 

8 a.m. Barometer 29*90 ins. ; temperature 94^ Weather most oppressive ; 
engineers unable to get sufficient steam on account of the great heat and no 
current of air through the stoke-hole. 

Noon. Barometer 29*89 ins. ; temperature 95°. Lat. 16°4 N, long. 4I°34' E, 
distance run 198 miles. Weather continued in all respects as above. 

4.39 p.m. Centre of Jebel Tier Island abeam, distant 2 miles. Course Soutli- 
Bouth-east, Easterly (magnetic). 

9.10 p.m. Barometer 29*89 ins. ; temperature 93°. Centre Peak Island 
(Zebayers^ ahead, distant 4 miles. Course South-east by South (magnetic). 

June 2nd. 
a.m. Barometer 29*89 ins. ; temperature 92°. Light variable airs and very 
hot sultry weather. Sea smooth. Course South-east by South. 

Sunrise. Barometer 29*90 ins. ; temperature 92°. Sky partially overcast with 
a very fiery appearance, throwing a glare all over ship. 
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6.20 a.m. Passed Abu Island, Jebel Zuker. Course South-east i East. Sig- 
nalled SS. Cairo, of Cardiff, bound South in company. 

Noon. Barometer 29-88 ins. ; temperature 94^ Lat. 13''I8' N, long. 43^7' £. 
Course variable, distance run 190 miles. Course South- south-east (magnetic). 
Light Westerly wind and partially clouded sky, atmosphere hazy. 

5*40 p.m. Barometer 29*86 ins. ; temperature 94°. Passed Perim Island and 
set course South-east } East (magnetic). 

Sunset. The sky looked very bad — green, red, yellow, all mixed up together, 
and the atmosphere most oppressive, its effects felt by all on board. 

8.0 p.m. Barometer 29*80 ins. ; temperature 92°. Lightning to North-east by 
East. Very dirty looking weather. Wind West, freshening. 

11 p.m. Barometer 29*78 ins. ; temperature 94°. Wind hauling Northerly, in 
which quarter the lightning was incessant, the sky having a red glare all over. 
Called all hands, securely furled all sails and awnings. 

June 3bd. 
a.m. Barometer 29*70 ins. ; temperature 95°. All hands securing everything 
movable about the decks. 

12.50 a.m. Altered course to East } South. Log 111 miles. 

2 a.m. Barometer 29*70 ins. ; temperature 95°. The lightning, forked and 
chain,, was simply blinding, flying about in all directions. Light hot airs from all 
points of the compass, with showers of rain occasionally. 

I had now made up my mind that all the indications pointed to a storm, but 
thought it would likely be only what I had experienced before at the burst of the 
South-west Monsoons, and did not feel particularly anxious ; still, had everything 
prepared, double lashings on boats, hatch bars all on, with additional lashings 
across the hatches from ring-bolt to ring-bolt on either side, extra gaskets on sails 
and awnings, &c. 

It was a mercy we lashed the hatches as above, or nothing in the world would 
have saved the ship from foundering ftEterwards when the tarpaulins were blown 
to pieces. 

4 a.m. Barometer 29*70 ins. ; temperature 95°. Noticed a swell making up 
from the Eastward (which alarmed me for the first time). lightning still flying 
about but less incessant. 

6 a.m. Barometer 29*65 ins. ; temperature 95°. Easterly swell getting heavier, 
though without any top, kit much more force. 

8 a.m. Barometer 29*60 ins. ; temperature 95°. Swell very heavy and running 
with much force. Sky covered with heavy clouds rolling one over the other from 
the Northward with a most sullen glare over the whole. 

From appearances, &c. I now made my mind up that we were certainly in for 
a storm ; bolted engine-room, cabin, galley and stokehole skylights securely, 
intending to run a few miles further, anxious to know where the storm was. 

8.30 a.m. Barometer 29*58 ins. ; temperature 95°. A perfect deluge of rain 
fell, light hot airs from all points. Lightning and thunder. 

9 a.m. Barometer 29*40 ins. ; temperature 95°. Wind setting in from North by 
East, and rapidly increasing, raining as above, tremendous East swell, with a sea 
getting up over it from the North-north-east. Headed ship North and steamed 
away full speed. 

9.30 a.m. Barometer 29*30 ins. ; temperature 95°. Wind hauling Easterly, 
about North-east by North, with a terrific squall blowing with rain. Lightning 
flasbinff and darting here and there through the gloom. Sea seeming to come 
from all quarters, flying over the ship, rendering objects obscure except just at 
hand. 

10 a.m. Barometer 29*00 ins.; temperature 95°. Wind North-east by North, 
blowing a pei^ect cyclone, with feaif ul squalls. Tried to get ship's head to 
North-west, but although the helm was hard-a- starboard and engines going full 
speed, she would not stir her head from North, the great swell from the East 
running under a North, North-north-east, and North-east sea keeping her in irons, 
as it were. Kept the engines going witn the object of getting as far as possible 
from the centre of the cyclone. 

10.45 a.m. Barometer 28*80 ins. ; temperature 95°. Slowed engines and headed 
ship North-cast, at which point the wind now was. 

II a.ra. Barometer 28*80 ins. ; temperature 95°. Wind North-cast, blowing a 
terrible cyclone; ship lying head North-north-cast. Sea not very heavy J5ut 
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seemingly running anyhow, up in pyramids, and flying over the ship in a continued 
sheet of spray. 

About 11.20 a.m. the uproar was simply deafening, the wind, lightning, &c. 
appalling, when from my position forward and to leeward of the chart-room on 
the bridge I saw a frightful sea on port beam, coming at railway speed, as high 
as our fore-yard, sending all over the other lumbled-up seas before it, and in an 
instant it struck us, throwing us on starboard beam ends, burying us so completely 
and in such a manner that for some moments it was impossible to tell whether 
the ship was goine down or not. I scrambled and f ougnt my way through the 
rushing water and steam from the starboard side where the sea had thrown me, 
and about now the ship righted herself. 

When I got on the bridge I found the storm had lulled just a little, and rain 
and spray eased sufficiently to allow me to see the serious damage done ; port 
boats gone, iron davits bent double and broken, engine room, cabin, galley sky- 
lights smashed, stokehole coverings gone, and the tarpaulins of Nos. 1 and 2 holds 
literally torn to shreds. No. 1 smashed in altogether, the sea pouring into holds 
and engine department, and the whole deck looked a wreck. 

Almost immediately again the squalls came down with a force and fury that I 
have no words to describe. The lightning seemed now overhead. Wind shifting 
to East by North. 

Noon. Barometer 28-50 ins. ; temperature 95^ I got a sight of the aneroid, 
the hand of which was pumping up and down from 28*40 ins. to 28*60 ins. ; lat. 
about 12°15' N, long. 45°58' £, vanable courses, distance run 200 miles. 

12.30 p.m. Barometer 28*60 ins. ; temperature 95°. Wind East, no alteration, 
ship tumbling about very heavily as if considerable water were in her. Just 
before looking at the barometer last, there appeared an arch of light to the East- 
ward and the worst of the lightning appeared to me to be to the southward of us. 

1 p.m. Barometer 28*70 ms. • temperature 95^ Wind about East by South, 
the fury of the storm seemingly oeing spent, the squalls with less force and the 
rain much lighter, but the sea very bad, a jumbled-up sort of a sea, running in all 
directions. 

2 p.m. Barometer 28*90 ins.; temperature 95°. Cyclone moderating fast. 
Wina South-east by East. Engineer reported 4 ft. of water in his department 
throughout. Bilge pipes choked, bilges fidl of coals, stokehole plates broken up, 
&c. &c. 

4 p.m. Barometer 29*40 ins. ; temperature 95°. Wind South-south-east, or- 
dinary gale, weather clearing up ; sea much better. Sounded holds, 4 feet of 
water in both Nos. 1 and 2. 

6 p.m. Barometer 29*60 ins. ; temperature 95°. Wind South, strong but moder- 
ating fast. Sea going down, weather clearing up. 

All hands not disabled clearing away the wreck, engines going slow, ship on 
her course. 

8 p.m. Barometer 29*80 ins.; temperature 95°. Wind light and variable. 
Lightning to the South-westward. 

June 4th. 

a.m. Barometer 29*80 ins. ; temperature 94°. Light East wind and line 
weather with a heavy cross swell, running course. Much lightning to the South- 
ward. 

8 a.m. Barometer 29*85 ins. ; temperature 92°. Engines stopped ; all hands 
below clearing out coals from engine and stokehole bilges ; repairing pump 
connections, &c. 

10 a.m. Spoke an Alfred Holt Line Steamer, and signalled to be reported. 

Noon. Barometer 29*90 ins. ; temperature 94°. Lat. 12°22' N, long. 47°32' E, 
distance nin 95 miles. 

4.50 p.m. Engines going slow ahead again. 

8.0 p.m. Barometer 29*90 ins. ; temperature 93°. Wind East, light with tine 
weather ; cross swell still running, but not so heavy as during the morning. 

Observed several steamships during the day at (different points of the horizon 
apparently stopped repairing damages like ourselves. 

June 6th. 

a.m. Barometer 29*90 ins. ; temperature 94°. Light variable winds and Hnc 
weather. Sea smooth. 

Nooiu Barometer 29*90 ins. ; temperature 96°. Calms, weather getting very 
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hot again. I^t 13^14' N, long. 49<'39' E ; course N 67° E ; distance run 134 
miles. 

8 p.m. Barometer 29-84 ins. ; temperature 94**. Light variable airs and hot 
sultry weather. Swell from the Southward. 

June 6th. 

a.m. Barometer 29*90 ins.; temperature 90°. Light Southerly airs and 
cooler weather. Swell from the Southward. 

8 a.m. Barometer 29*88 ins. ; temperature 85^ Lat 14''19' N, lone. 52°56' £ ; 
course North 71° East, distance run 202 miles. Fresh South wind and clear 
weather. 

8 p.m. Barometer 29*84 ins. ; temperature 86°. Wind falling light, sky clear. 

June 7th. 

a.m. Barometer 29-84 ins. ; temperature 86°. Light variable winds and 
calms, with light passing clouds from North-east and a swell from the Southward. 

8 a.m. Barometer 29*86 ins. ; temperature 88°. Light South-westerly airs and 
fine with a little swell from the Southward. 

Noon. Barometer 29*86 ins. ; temperature 90°. Lat. 15°2r N, long. 56'*20' 
E ; course North 72° East, distance run 206 miles, 
p.m. Light South-west wind and fine weather. 

8 p.m. Barometer 29*82 ins. ; temperature 90^. Calms and hot sultry weather 
again. Swell from South-west. 

June 8th. 

a.m. Barometer 29*82 ins.; temperature 90°. Light South-west airs. 
Clouds passing from the North-eastward. Swell from South-west 

8 a.m. South-west wind freshening, set sails. 

Noon. Barometer 29*81 ins. ; temperature 95°. Lat. 15°59' N, lon^. 59°57' E ; 
course North 78° East, distance run 184 miles. Light South-west wind, a little 
haze over a clear sky. 

8 p.m. Barometer 29*80 ins. ; temperature 95°. Wind freshening from South- 
west. Sky clear of clouds but hazy, sea coming up heavy. 

June 9th. 

a.m. Barometer 29*76 ins. ; temperature 93®. Fresh West-south-west wind 
and cloudy, the clouds goin^ in opposite directions, upper from North-east, lower 
from South-west. Sea getting heavier. 

8 a.m. Barometer 29*70 ins. ; temperature 92°. Fresh West-south-west wind 
and partially clouded sW. Sea heavy from the South-west. 

Noon. Barometer 29*75 ins. ; temperature 91°. Lat. 16°37' N, long. 63°^ £ ; 
course North 78° East, distance run 210 miles. Fresh wind, sky covered more, 
the clouds looking heavier. 

6 p.m. Wind West, strong ; sky entirely clouded, weather looking veiy wild, 
a heavy cross sea runnine. 

8 p.m. Barometer 29*61 ins. ; temperature 90°. Increasing wind from West, 
Lightning to the North-eastward. 

JUNE 10th. 

a.m. Barometer 29*58 ins. ; temperature 90°. Strong West gale, rapidly in- 
creasing with much and most vivid lightning to the North-eastward, and which 
seems to be approaching ship, a very heavy cross sea, filling the decks fore and aft. 

2 a.m. Barometer 29*54 ms. ; temperature 90^. Lishtning incessant to the 
North-east and East Wind West, hard gale and veiy heavy squalls, with much 
rain. Took in all sails. 

4 a.m. Barometer 29*50 ins. ; temperature 90°. Very heavy gale and terrific 
squidls ; turned ship's head to sea West-south-west and slowed the engines. 

Noon. Barometer 29*50 ins. ; temperature 90*. Lat 16°37' N, long. 64°54' E ; 
course East, distance run 110 miles. Ship making very bad weather. 

4 p.m. Barometer 29*50 ins. ; temperature 90°. Got ship before the wind and 
tried to run, but the tremendous sea made clean breaches over her. 

6 p.m. Barometer 29*50 ins. ; temperature 90°. Laid ship to again, head 
West-south-west 

8 p.m. Barometer 29*50 ins. ; temperature 90°. Furious sale and terrific 
squafis with downpours of rain. Tremendous sea running, but although breaking 
aboard, sometimes very heavily, doing no material damage. 

June 11th. 

a.m. Barometer 29*50 ins. ; temperature 90°. Very heavy West gale and 
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hard squalls, rain, &c. as before. Ship head to sea, making very good weather. 
Lightning clearing away. 



• a.m. Barometer 29*64 ins. ; temperature 90°. Gale a little better, sea run- 
ning truer, got ship away before the wind and set lower topsail. 

Noon. Barometer 29-66 ins. ; temperature 90^. Lat. 16*^6' N, long. 66°20' E ; 
course South 83° East, distance run 92 miles. Rain not so heavy. 

6 p.m. Barometer 29*68 ins. ; temperature 90°. Another sea coming up from 
the Southward, clashing with the West sea and making ship very uneasy. 

10 p.m. Barometer 29*60 ins. ; temperature 88°. Gale appears broken, sky 
better. Sea, although troubled and veiy heavy, much better. 

June 12th. 
a.m. Barometer 29*60 ins. ; temperature 86°. Strong gale backing to the 
South-west. Weather finer, stars out at times. Sea running veiy heavily, large 
quantities breaking above fore and aft 

8 am. Barometer 29*66 ins. ; temperature 86°. Wind moderating fast. 

Noon. Barometer 29*70 ins. ; temperature 86°. Strong South-south-west 
wind and fine weather, except a hazy atmosphere. Lat. 17°42' N, long. 69°43' E ; 
course North 86° East, distance run 208 miles. 

8 p.m. Barometer 29*76 ins. ; temperature 86°, Wind moderate at South- 
south-west, with a shower of rain at times. 

June 13th. 

Barometer 29*82 ins. ; temperature 87°. Moderate South-south-west wind and 
fine weather ; heavy South-west swell ; atmosphere hazy. 

Noon. Barometer 29*86 ins. ; temperature 87°. Ofi" Bombay. 

3 p.m. Arrived and moored ship. 



DISCUSSION. 

Capt. ToYNBEE said the author had given a very lucid account of the weather 
experienced in a cyclone. The Easterly swell mentioned as occurring while the 
wind was blowing from the North, showed that an Easterly gale was blowing to 
the Eastward of the ship, and Capt. Moss acted very wisely in steering to the 
Northward, by which means he increased his distance from the centre of the 
cj'clone as it passed to the Southward of him. He (Capt. Toynbee) agreed with 
Capt. Moss in thinking that the heavy Westerly roller which he experienced was 
not the result of wind, as it was met with in a position where a Westerly wind 
had not been blowing ; and, so far as he could understand the case, no Westerly 
gale was or had been blowing to the Westward of the ship*s position. 

Mr. Laughton thought that Captain Moss*s suggestion of the volcanic origin 
of the tremendous wave or ** roller,** which did so much damage, was probably 
correct If not, he did not see how it was to be accounted for. It came up not 
onlv against the wind, but against the direction of any storm wave or current, 
and did not seem to be in any way connected with the cyclone ; though its hap- • 
pening at that particular time was certainly a very curious coincidence. 

Mr. Scott remarked that this storm had been venr fully discussed in France. 
A French despatch boat and a German frigate were lost in it. 

Col. Bbooke said that he had experienced a cyclone at Hongkong in 1876 ; 
warning ot its approach was given by the naval authorities. When the barometer 
commenced to fail ri4)idly, tne strength of the wind increased proportionately 
with the fall, while the gusty squalls similarly increased in intensity and frequency; 
but on the barometer commencing to rise, after a stationary period of inap- 
preciable extent, the wind fell almost immeoiately. 

Bfr. Scott said that any one examining the automatic traces in the Quarterly 
WecUher Report would frequently find instances where the wind had been blowing 
hard with a falling barometer, but immediately the mercury commenced to rise 
the wind ceased. 
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Results of Solar Radiation Observations in the Neighbourhood of 

Birmingham, 1875-1884. By Rupkrt T. Smith, F.R.Met.Soc., 

M.Inst.C.E. 

[Bead April 2l8t, 1886.] 

The physics of this Utile known subject have been variously described as 

governed by the elastic force of aqueous vapour, by the influence both of 

cloud and sky freedom from cloud, and by the influence of various wind 

directions, either by consequent dryness of atmosphere, or by consequent low- 

ness of atmospheric temperature. 

No definite results as to these theories are to be gathered from a study 
of the following ten years* observations, but so far as these have been collated 
the facts go to show that the approach to the subject of insolation is of 
difficult access, and that the right study of solar radiation must embrace other 
considerations than those with which it has hitherto been connected. 

The facts of this paper are based upon observations made at four different 
stations situate within ten miles of Birmingham and upon its west side. The 
height of the stations varies from 501 to 885 feet above sea-level. The 
situations and exposures of the instruments (except for the time March 1880 
to November 1882, when they were indiflerent), were fairly good at the other 
three stations. The thermometers are all made by Hicks and compared at 
Kew, the black-bulb thermometer in vacuo, which was verified before inser- 
tion in its jacket, was the same throughout. The period under observation 
includes July 1875 to December 1884, being nine years for the mouths 
January to June and ten years for all the other months. The figures, except 
where otherwise stated, represent solar radiation, t.«« the difference between 
the black bulb thermometer in vacuo and the air maximum thermometer. 

Table I. is evidence that the usual entry of maximum solar radiation 
once a day is crude and perfunctory. For instance, on May 2drd and 24th| 
1884, the weather being peculiarly suitable, hourly observations were made 
with results as follows : — 

TABLE I. 



May 23rd. 



.5^ 



I Dry 

B.B. Therm. *J 55 

Air Max. 48*6 

Sol.Bad I 6 

24th. I 

Sol. Bad 7 



I 


I 


I 


68 

Sro 

17 


83 
557 
27 


i 

600 

37 


18 


2q 


38 



11 i 



106 . 112 118 

64-5 ^ 68-4 ' 71-2 



44 



47 



I 



s 



I I i 



I 



122 
727 

49 



122 

73-8 
48 



?' ' 5' 



"3 
75*4 
48 



122 

I 46 

48 



May 23rd. 



B. B. Therm. 
Air Max. 
Sol. Bad. . . 

24ih. 
Sol.Bad. .. 



I 



118 

762 
42 

44 



r 


1 


1 


i- 


10 




no 

75-8 
34 




102 

74-1 
28 


i 

85 ^ 
71-8 61-5 

13 7 


3« 


29 


«7 7 



iSg 






H 

►' 



"3 
763 



100-8 
67-31 
49 I 33*4 



In. 

•283 



t3 

O 



I 



5» , 35*3 '292 



*6 



I E-2 

B2-3 
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These two days were cloudless from sunrkc to sunset, with, however, a slight 
haze, as is usual in such bright weathec, but still much slighter than fine 
weather haze later in the summer. The weather was anticyclonic, and an East 
wind blew with a force 2 on the 28rd, and 8 on the afternoon of the 24th. 
The two days were so similar as to be unusual. We see in the readings of 
the first day the maximum of the sun thermometer occurred about 1*45 
p.m., while the maximum of air temperature occurred at 8 p.m., and that 
the difference of readmgs of these thermometers between these hours of 
maxima, which alone is that usually entered as solar radiation, is less than 
the differences of the three readings about noon by P and 2° respectively. 
The difference between the two maxima is 46^*7, while the mean of the sun 
shining all day without a trace of cloud is only 88^. On the 24th, which 
was a day of 2° wanner mean air temperature, the difference between the 
two maxima (127° and 76^*4 respectively) is 51^, while the mean of the sixteen 
hourly observations is 85^ only. Now the next day (25th), the vapour 
tension and weather generally being the same, except with an amount of 
cloud at 9 a.m. equal to 4, composed of cirrus drifting from South-west and 
cumulus blowing over from the East, the solar radiation at 10 a.m. was equal 
to thai of the 28rd at the same hour, and at noon, after only some half hour's 
sun altogether from sunrise, it had reached 55°. This day was, however, 
colder than the 2drd by 5^, and there is no doubt that low readings of 
the maximum air thermometer are the cause of such apparent sun heat 
where, as a matter of fact, the whole of this particular day, the 25th, 
was decidedly cool, and no single fiush of hot sunshine occurred, the 
maxima of sun and air thermometers being respectively 117° and 68^*1 
only on this day. These three days of May 1884 were all in excess of 
the mean air temperature, the 28rd and 24th being 8° and 9^ in excess, but 
the weather was beyond question the most tropical in character that has 
occurred at the dates for ten years, and yet the average solar radiation of 
these two days for ten years is 40° and 41^, this year showing only, as has 
been seen, 47° and 5V. The inference here is that in dear sunshine solar 
radiation is largely dependent on maximum air thermometer readings. 

Having quoted the readings of these particularly brilliant May days as 
evidence of the crudity of the present state of our book observation of solar 
radiation, let us now proceed to the reputed connection of solar radiation with 
vi^ur tension. For this purpose tiie following tables (p. 182) are given, 
which fairly explain themselves. 

If intensity of solar radiation is caused by a low force of elasticity of 
aqueous vapour, we may expect to find the march of solar radiation and 
vapour tension to be synchronous, but in an inverse relation. Now we know 
that the march of vapour tension is with air temperature; that is, half the 
year to midsummer it increases and half the year to midwinter it decreases. 
The march of mean solar radiation is an eccentric one, the ascending portion 
being one-third of the year exactly, and the descending portion being 
two-thirds of the year exactly. This is the first and most obvious fact. 
The mean vapour tension during the ascending third of the year's wave of ^ 
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TABLE II. 
Solar Badution.— Msans fob* the Two Febiods 1875-9 and 1880-4. 



Month. 



X875. 



1878. 

Sun- 
spot 
Min. 



00 I ^ 



a^s 



January . . 
February .. 
March .... 

April 

May 

Jnne 

July 

Angast .... 
September 
October .... 
November . . 
December , . 

Mean .... 



(13*3: 
(26*9 
(40-2^ 
(427, 
(44'o 
(427] 
44-0 

474 
55*5 
27-1 
xri 
14*0 



124 
31-8 
451 
477 
42*0 

36-9 
357 
329 
317 
20*4 
12*0 
8-8 



9-2 
203 
307 
34*3 
37'i 
372 
34-6 

34'i 
294 
20-5 
i8*8 
14-4 



140 
215 
399 
45*1 
46-5 
43*2 
40*2 
44'2 
351 
31-4 

22'0 

17-8 



173 
294 

367 
386 
452 
44*9 
44*4 
405 

35*5 
26*9 
19-5 
i6*2 



13*2 23*1 
26x 39*0 
385 43*6 
417 447 
43'o 456 
41 o 43*3 
39*8 40-3 
39*8 384 
37*4 42-8 
25*3 284 
17-9 14-6 
14-2 



67 



8-6 
23*6 
42*0 
44'3 
4i'3 
42*2 
407 
37*8 
357 
31*3 
15-3 

6-6 



1-8 

21*6 
34'4 
40-3 
46*2 
44-x 

437 
401 

38-4 

38*0 

223 

50 



11-8 
287 
486 
46*2 
46*0 

49*9 
446 

4i'3 



177 
28*0 

367 
45-0 

45*2 
447 
44*3 
427 



13*4 I3'3 
28*2 27*1 



38b|38-5 
33-4 31-8 

30-8 20*2 

i8*5 227 



41-1 
44-1 



39*8 
42-9 



44*9 43*9 



44-8 
427 
401 
387 



429 
41*3 
39*9 
381 



32*6 28-9 
20'€ 19-3 
irg 13-1 



34*6 



29*8 



267 



33*4 



329 



31-5 



34*2 



30-8 



317 



36-5I34-8 



Spring ,.»; 
Sammer..».| (44' 
Aatumn .. 33*2 

Winter ....I 19*4 



(42-3) 
7) 



449 
35*2 
21-4 
12-8 



340 
35'3 

22*9 

i6-6 



43*8 
425 
29*5 
2r5 



40*2 41*1 
433 402 
27*3 1 26*9 
26- 1 1 19-3 



44-6 
407 
28*6 
i3'o 



42-5 
40*2 
274 
"•3 



40-3 
42*6 

329 
15-2 



46-9 42-3 

45*3 43*9 
34*1 30-2 



33'fii32*5 



42*2 

'4 

_. _ - 7 

21*4' 20'0 i6*2li77 



43*4 

42- 

30-( 



5 41'^ 
e 28- 



TABLE m. 
Vapoub Tbksior fob the Two Pebiodb 1875-9 and 1880-4. 



Month. 



January • • 
February «• 
March . , . . 

April 

May 

June 

July 

August .... 
September.. 
October •»•• 
November . . 
December •• 



Mean 



Spring . 
Summer 
Autumn 
Winter . 



In. 



•391 
429 



In. 
•228 
•250 
•188 

*224 

•159 
•258 
•292 
•300 



'421 1 -235 
•258 -352 



•209 
■179 



•296 
219 



•307 
•232 



•252 



•190 
•283 
•298 
•230 



^ 



In. 
•226 

•233 
•205 
•239 

•259 
•298 
•380 
•395 
•319 



In. 

*209 
'221 
•202 
•257 
•322 
•366 
•4X8 
•429 
•362 



•290 303 
•245 185 
•216 -158 



•275 



'234 
•358 
•285 
•215 



•286 



'260 
•404 
•283 
•164 



S 



In. ' In 

*I46| '202 
•187, '223 
•202 '199 

•220! '235 
•2541 -249 
•348-318 
•388| -374 
•393; 389 
- -337 
•297 
■228 
•191 



•347 
283 
192 
169 



'261 



•225 

•376 
•274 
•184 



270 



•227 

'374 
•287 

*202 



In 

•159 
•225 
'219 
•248 
•283 

•364 
-428 
•429 

•419 
•245 
•227 
•236 



'290 



250 
•407 

297 

'X84 



In. 
•127 
•190 
•194 
•230 
•271 

•344 
•425 
•405 

•375 
•276 

•273 
•185 



•274 



•232 

•391 
•275 
*2o8 



In 

•189 

•249 

•236 

•232 

•232 

-298 

•352 

•370 
•300 
•267 
•172 
•128, 



In. I In. 

•137, "222 
•214 -237 
•1641 *2l8 
•252I '239 
262, '249 
•322 

•434 
•421 

•358 

•253 
•2Q' 

•i5i 



•338 

•371 

•412 

•379 
•321 
•239 
•281 



•252 '281 



•233 '226 

■340! -374 
•246 '313 
'i6o| '247 



In. 



•197 



•277 275 



•235 
•392 
•273 



■235 
•381 
•281 



164 '»93 



^s 



In. 



•167 '185 

•223 '223 
•206 -203 
•240 '238 

259 254 

•333 326 

•402 388 

•407 398 

•366 352 

272 285 

'224 '226 



•»94 



•272 



•231 
•378 
284 



solar radiation is '212 in., that of the descending two- thirds is *808 in. 
In 9^ years no single year and one month only (March 1888) has a maxi- 
mum of solar radiation and a minimnm of vapour tension, while the mean 
vapour tension is lower in the months of low radiation and higher ip th^ 
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months of high radiation. Alope of 114 months, October and November 
1876 have minimttm solar radiation and maximum vapour tension, while, on 
the other hand, August and September 1875 and May 1878 have ma^i"i^™ 
solar radiation and maximum vapour tension. Minimum solar radiation and 
minimum vapour tension occur in three months. 

From these figures it would appear that there is no directly traceable 
connection between aqueous vapour tension and solar radiation. The effect 
of aqueous vapour in preventing re-radiation is a different question. 

Next comes the connection between solar radiation and cloud. 



TABLE IV. 
Mban Amoumt or Cloud fob the Two Pebiodb 1875-9 and 1880-4. 



Month. 



^ 



{it 

00 00 



ij{ 



January 
Febnuury 
March .. 
April .... 
May .... 
Jane .... 
Joly .... 
AogoBi .. 
September 
October ... 
November , 
December , 

Mean , 

Spring .. 
Summer.. , 
Antnmn 
Winter ... 



9*4 
90 

77 
7-5 

P 
I fi-5 

77 
6-2 

57 
5'9 
6*6 

7-8 



7-6 
6-6 

5*3 
6-8 
5-8 
5*3 
5-5 
6-1 
6-5 
7-0 

^'1 
7-6 



64 
5-5 
7*9 
6-8 
52 
73 

64 
54 
45 
47 



60 
4-8 
7'5 
5'i 

6-2 
52 

6-1 
5-8 



6-6 

7*5 
6-9 
8-2 
6*8 
6-9 
8-8 

77 
59 

8*2 

6-9 
5'9 



7*5 
7-6 

6-3 
7-0 
6-5 
5-8 

71 
6-8 
6-1 

6-3 
61 

6^4 



6-9 
6-1 

5*2 
7-6 
6-8 
8'o 
5*5 

r» 

52 

6-7 



6-2 6-8 
6-9 I 8-5 

5*5 I 57 
5-8 61 

5'4 I 5'9 
6*o , 7'6 
6-1 6-6 



5-0 

87 
46 



67 
6-1 



6-9 
51 
70 

4-8 



50 59 

6-1 48 

5*2 5'o 

56 I 5'9 

6-8 4*6 



6x 

5*9 
6-8 
6-4 



72 

5*9 
7-0 
70 



6-5 
74 
5*9 
61 

5*5 
6-3 
6-2 

6-9 
6'o 
6-5 
6-2 
6-5 



7-0 

7*5 
61 
6-6 
6a 
6-1 

69 
61 
6-4 
6-2 

6-5 



7*1 



6-4 



61 



7*0 6'o 67 

6-8 I 5-6 6-4 

61 , 67 1 5-4 

7-3 6'9i 6*8 



6-3 72 



6-6 



67 



6-3 



6-5 ' 6-0 



61 



6-3 



61 7-3 
6-2 I 7-8 
5-8 70 
6-6 1 6'3 



6-6 
6-6 
6-2 
6-8 



5-6 
67 
67 
7-0 



5*9 1 5-2 

7.0' 5-9 

5-6 6-3 

6*9 6'9 



5-6 
52 
67 



5-8 
6-5 
6-2 
7-0 



6-5 



Table IV. shows the mean amount of cloud at Birmingham is less than 
that observed at Greenwich (=6*82) ; it shows also that there is less cloud 
in spring and autumn than in summer and winter. May is the month of least 
cloud. A characteristic of May weather, however, is less and less cloud as 
the day progresses, and this is peculiar to May of all the months. The 
amount of cloud for May at 9 a.m. being 6*1, the amounts at noon and at 
8 p.m. may be taken at 5*4 and 4*8 respectively, giving an average of 5*8, 
which eorrectiim brings May to the top of the list in the matter of freedom 
from cloud. The average of cloud for the increasing radiation of one-third of 
the year is 6*8 ; for the decreasing two-thirds it is 6*4, but the number of 
cloudy days (see Table Y.) is more during the increasing one-third by 8*6 
days a month, the monthly average during ascent being fifteen and during 
descent twelve. The year of least mean cloud (1888) agrees with that of 
most solar radiation, as also does that of the least number of cloudy days; 
but the year of maximum cloud, 1879, was a year of high radiation, although 
9fud to be a year of deficient sunshine* 
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TABLE Y. 
KuMBEB OF Bats of Fitxx GLOtn> in tbb Two Pebiobs 1875-9 abb 1880-4. 



Month. 




?. 


S^ 


06 






, 


00 


00 


4? 


i 


s 


p 3 




00 


00 


00 


00 


00 






00 


00 


00 




Is 






M 


M 


M 


M 


^ 


M 




M 


M 




'^ 


January 


27 


19 


17 


15 


14 


i8-4 


20 


17 


19 


, , 


17 


183 


18-4 


FebrnaTy 


21 


13 


H 


19 


17 


i6-8 


14 


16 


20 


.. 


10 


15-6 


15-9 


March . . 


19 


10 


II 


12 


18 


14-0 


II 


13 


10 


II 


12 


11-4 


127 


AprU .... 


17 


II 


17 


9 


18 


14-4 


18 


10 


12 


9 


10 


12-8 


131 


May .... 


10 


8 


13 


15 


12 


11-6 


II 


II 


9 


10 


9 


lO'O 


10*8 


Jane .... 


8 


6 


8 


10 


12 


8-8 


16 


12 


8 


6 


5 


9*4 


9-1 


July .... 


15 


10 


12 


8 


19 


12-8 


ID 


8 


8 


-4 


7 


7*4 


10*1 


Augnst .. 


11 


12 


13 


15 


18 


13-8 


17 


13 


10 


6 


7 


io*6 


12-2 


September 


6 


12 


II 


13 


13 


II'O 


9 


14 


6 


10 


12 


IO-2 


10-6 


October . . 


13 


19 


13 


II 


21 


15-4 


15 


II 


17 


8 


14 


i3'o 


14-2 


November 


10 


15 


8 


13 


19 


130 


12 


16 




7 


9 


II'O 


I2*0 


December 


16 


17 


5 


II 


13 


12-4 


17 
170 


12 
»53 


— 


10 


10 


12-3 


12-4 


Total.. 


173 


152 


142 


151 


194 


162*4 


122 


140-3 


151-4 


Spring .. 


46 


29 


41 


36 


48 


40*0 


40 


34 


31 


30 


31 


33-2 


366 


Summer 


34 


28 


33 


33 


49 


35-4 


43 


33 


26 


16 


19 


27-4 


31-4 


Autumn 


29 


46 


32 


37 


53 


39*4 


36 


4^ 


(37) 


25 


35 


34-3 


369 


Winter .. 


_45_ 


48 


39 


42 


47 


44-2 


.5!L 


5^ 


(46) 


37 


51 


47-3 


45-8 



There appears little to show that the greatest amount of cloud of the year 
occurs with any particular wind, but the most cloudy weather markedly occurs 
at six months' interval in January-February and again in July-August. In 
the first of these periods it occurs with a decided prevalence of South wind, in 
the second period the prevalence of West wind is more strongly marked. 
Although July is a month of maximum cloud, yet June and July show the 
least number of '* overcast *' days of all the months of the year. March and 
September, at an interval of six months, show a light amount of cloud. These 
are the months when the incidence of the solar rays is strongest. 

Next comes the relation of solar radiation to wind. 

The winds designated as polar are the North-west, North-north-west, 
North, North-north-east, Northeast, East- north-east and East; the equa- 
torial South-east to West, both inclusive; winds from West-north-west and 
East-south-east and the calm days have been omitted from the discussion 
(Table VI.). 

Looking generally at the Tables, it is obvious that the curve of mean solar 
radiation, having its two maxima in spring and autumn, can only be indirectly 
influenced by the curve of days of polar wind. Other causes must be sought 
for to account for the solar radiation of summer and the gradual decline of 
the descending two-thirds of the radiation to its minimum on January 9th. 
The polar winds of May blow on an average of 8*8 days in the first half of 
the month, and 5*9 days in the latter half; the first half having 1° more 
radiation on the average. The polar winds of December blow on an average 
of 6*8 days in the first half of the month and 8*7 in the second half, the 
radiation of the first half being less than that of the second half by 2j° 
1888, the year of maximum solar radiation, is the year of maximmn number 
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TABLE YI. 
KoMBBR or Days or Polab Wikd (NW-E) rou th£ Two Pkuiods 1875-9 and i88o-4« 



Month. 



Jannary.. 
February > 
March .., 
April ••••, 
UKy .... 
June ...., 
July .... 
Aagnal ... 
September 
October . . 
November 
December 

Total .. 

Spring .. 
Summer. •( 
Aatamn.., 
Winter .. 



I> 00 

00 00 



10 17 
15 , 13 



1 



zo 
17 
19 
22 
12 

7 

4 

7 I 
16 

23 I 

6| 
5 , 



jSs 



87 

13-6 
14*8 
141 
10-5 
77 
87 
103 
14-8 
12-8 



140 



130 



1x8 



152 



144 



156 



148 Ii3i 



"5 



117 



135*1 



141 
90 

12*6 
9' 



TABLE YII. 

KUICBBB OF DATS OF WlMD DlBKCTION FOB TsM YlABS Z875-S884. 



Month. 



Jannary , 

February 

March •......, 

April 

June 

July 

August 

September . . . , 

October 

Norember • 

December ...... 

Average for One) 
Tear [ 

Spring 

Summer 

Autumn 

Winter 



811 

17 
26 
8 



622 8 



612 



2810 



56,155634 
72,2736 7 
833846 
68 I9'43 



15 
zi 
20 17 



18 9 



i 



16 

z6 

3013 
4310 

3813 



28 



III 

47 



33 



117 
56 
93 
66 



9-1 

87 

13-6 

14-8 

141 

IO-5 

77 

87 

IO-3 

14-8 

12*8 
lO'O 



13 



QQ 



28j20 

3i|io 
3010 
45'27 



Gd 



30 



_53 
6470 

6947 
10464 



23 



55 



105 

175 
129 

145 



^ 



50 



21 112 

159 
III 

"3 



i8'6 

17-3 
141 

12-8 

13-5 
i6-5 
19*6 
194 

15-4 
127 
15-0 
177 



15 



17 



2648 



I- 
II 



3932 



5035 
3434 



32 
2*3 

2-8 

24 

3'4 
30 
37 
29 

4'3 
3*5 

2*2 

3*3 



of days of polar wind blowing if EaBt-sonth-east wind be included. 1877, the 
year of minimnm solar radiation, is the year of maximom nnmber of days of 
efiiatoriftl wind direction. The iolar radiation of all polar winds is ^at 
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2^° higher than that of the eqaatorial winds, bat only 0^*7 higher than the 
yearly average. The greatest influence of polar wind upon radiation is in 
March. The maximum of the mean solar radiation curve in May has been at- 
tributed to wind, and especially to polar wind, but as seen from Table YIII. 
the points of greatest radiation in that month are respectively South by East 
and West-north-west, one of which certainly is an equatorial wind, while the 
resultant wind of radiation for May is South-south-west, also an equatorial 
wind; the North-west, North-north-west and North winds are decidedly 
deficient in radiation during that month. 

Table YIII. shows the relation between wind direction and maTimum radia- 
tion through the year. Commencing the first week in January the maximum 
comes from the North, it continues to move slightly westward until February 
when it turns eastward slightly until March, from which time until July 
it progresses rapidly eastward till it is found at West-south-west in July, 
when the change again occurs and the direction again becomes westward to 
August and less rapidly westward till September, when it again changes to 
Eastward and again reaches West-south-west in October, from which, how- 
ever, it turns again westward to North-north-west by the North in November, 
when it moves eastward to North-north-east in December to finally move 
slightly westward again to the North in January. Similarly the curve of 
minimum radiation at an angle of about 150^ runs parallel to that of maximum 
radiation until April, from when it becomes flatter till May when it rapidly 
backs to East-north-east in July, from when it slowly returns westward to 
South by East in December and so eastward again to East-south-east in 
January. In none of the months is there either maximum or minimum 
radiation to the West, West-north-west, or North-west points. 

Thus far we have viewed radiation in connection with vapour tension, 
cloud and wind. Turning again to Table 11. for mean solar radiation, let us 
examine it in detail and see what it afibrds. First of all, the year 1888 is the 
year of maximum radiation, and 1877 that of minimum. We see also that 
mean radiation reaches its greatest height in May and not in July, and its 
minimum about the end of the year. The actual dates are May 9th for the 
maximum and January 8th for the minimum, dividing the year into one-third 
for the ascending period of increasing radiation, and two-thirds for the 
descending period of decreasing radiation. The mean temperature of air in 
the district has its maximum on July 17th and its minimum on the morning 
of January 12th for this space of ten years. Table XI. in reference to this 
will be noticed further on. 

Taking out the average radiation for every day of the year, and smoothing 
the curve by taking ten-day means as the solar radiation for the day (sixth), 
as shown in the steady curve of Table IX., there appear in the ascending one- 
third of the curve twenty-four days of minus sign, these being where counter- 
checks occur, or an average of twenty per cent., and in the descending two- 
thirds 181 days of plus sign, or an average of fifty-four per cent. In other 
words, allowing for the first short gradient being double the steeimess of the 
other, the fluctuations up to the maximum about equilibrate those of itie 
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TABLE Vin. 
SoLJkB Badiatiok and WiKo BmEcnoN fob NiNB-iND-A-HALF Tears Z875-18S4. 



Month. 


1 


^ 


H 




i 


H 


i 


i 


i 


9i 


i 


January .... 
February .... 
tfaich 

ts? :::::::: 

June 

July 

August 

Septembeif. . . . 

October 

November .... 
December .... 



132 

26-9 
39-8 
41-9 
43*9 
427 

41-2 

289 
19-3 
131 




s\ 

47-8 
351 
41-4 
37J 
422 
350 
381 

325 
21*1 

153 



12-3 
27-3 
418 
502 
44*9 
444 

*37*o 
37-8 
31-2 
23-8 
264 



130 
19*0 
45-0 
43-9 
450 

43-4 
4x2 
390 

til 

x8-2 
8x 




10*2 
133 
350 
416 

44-8 
33-2 
28*3 

40-8 
307 
IO-4 
i8-3 



12-4 
21-4 

^4^ 
444 
412 

379 
339 
350 
272 
IO-6 

21-4 




27-0 

397 
*350 
39-5 
*35-5 
391 
290 
208 
^34-5 

ID- 1 




ao-3 
433 

si 

249 

21-4 
8-6 


8^6 
304 
343 
41-8 
150-5 

l27'0 

38-0 

350 

9*3 
67 




I3-I 

22-1 

42-6 

47-8 
447 
365 

40*3 

i:'3 


1^6 

29-2 

395 
4x7 

409 
370 
37-8 
26-5 
15-8 
9-2 

308 


DaUy Average 


324 


330 


35-2 


355 


29-9 


311 


28-3 


299 


278 

410 
366 
28-5 
145 


25-0 


Spring 

Summer .... 

1 Autumn 

1 Winter 


422 

41-3 
288 
177 


432 

37*9 
294 

20*9 


462 
423 
28-4 
21-9 


44.6 
40*8 

3X-4 
12*6 


415 
34*4 
244 
J3'4 


38X 
24*6 
167 


34-x 
39X 
265 


39-8 
426 
283 
146 


44*5 
401 
266 
14-5 


423 
410 

23*4 
226 


No. of Days . . 


165 


82 


aj8 


83 


jx8 


72 


119 


60 


272 


Month. 


i 


i 


^ 


^ 
X 

^ 


i 


» 


i 


Wind of 
Radiation. 


^ 


1 


Max. 


Min. 


January .... 
February .... 
Murch 

^? ::::;:.: 

June 

July 

August ••.••• 
September.... 

October 

November .... 
December .... 


.6% 
308 

464 
439 
447 
42-0 

416 

^1 

12-5 


i6°8 
24-6 

461 

4S'3 

43-8 
385 

131 



14-9 
27-4 

42-8 
41-8 

427 
43-2 

403 

377 
340 
22-5 
139 




12-5 

33 9 
36-6 
40*2 
46-4 
431 
411 
42*8 
381 

27-4 
21-5 

13-4 



179 
331 
41-6 
47-6 
43-3 
451 
41-1 
39*8 
367 
305 
25-8 
X9-0 


^.^6 

*35-5 
47-8 
35-2 
428 
430 
44'4 
34-8 
301 
29*6 
267 
X8-3 



7-5 

380 
35-8 
386 
361 

367 
362 

271 

205 

14-0 

75 


N 
NNW 
Nby\^ 

NNE 
SbyE 

SSW 
W8W 

ENE 

NE 
W8W 
NNW 

NNB 


E8E 
? ENE 
f SE 

NbyW 
? N? 

SSE 
' ENE 
E 

ESE 

ESE 
r 88E 

SbyE 


W38 N 
W16N 

?39W 
S20 E 
S26W 
W12 N 
^398 
S23 W 
S38 W 
W30N 
N41 w 
N 7 B 


, Daily Average 


33-3 


340 


345 


336 


34-6 


323 


251 


NE 


S 


W25-8N 

N44W 
W 3 8 
W26N 
W25N 


Spring 

Summer .... 

Autumn 

Winter 


4I-I 
427 
30-8 
i8-4 


44-1 
447 
341 
15-8 


41-6 
42-0 
312 
19-8 


41-3 
420 
306 
i8-i 


44.0 
41-9 
310 
24-0 


41-8 
287 
19*0 


364 

21-8 
10*8 


NNE 

wsw 

W8W 
NW 


B8B 
' ENE 

' ENE? 
BSE 


! No. of Days . . 


527 


135 


472 


164 


272 


98 


XX7 


. a 


* . . 


. . 



1 Only two obacrrations. 



longer gradient down again to the same level. From the middle of Jane to 
the middle of July, and again early in Augnst to well into September, there 
are two unbroken periods of plui sign for twenty-eight and thirty-five days 
showing th»t the hter summer mouths have some strong 
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TABLE IX. 

COMPUTBD MSAH SOLAB RaPUTIOH OF EVXBT DkY FOB TbN YbABS 1875-S884. 



Date. 


i 


i 


1 


t 


1 


*-• 


1 


1 


1 


1 


1 


i 








































I 


II 


19 


33 


42 


44 


44 


43 


39 


41 


35 


31 


14 


2 


II 


Z9 


34 


43 


44 


44 


43 


^2 


41 


34 


21 


14 


1 3 


II 


20 


35 


44 


44 


44 


43 


38 


41 


33 


21 


14 


4 


ID 


20 


36 


44 


45 


44 


43 


38 


40 


32 


21 


«4 


5 


ID 


21 


36 


44 


45 


44 


43 


39 


40 


31 


21 


13 


6 


ID 


22 


37 


43 


45 


44 


43 


39 


40 


31 


21 


13 


7 


ID 


23 


37 


42 


45 


43 


44 


39 


40 


31 


21 


13 


sj 


ID 

(9-6) 


24 


38 


42 


(^■^ 


43 


44 


39 


39 


31 


22 


13 


9 


10 


24 


39 


41 


45 


42 


44 


40 


^2 


31 


22 


13 


ID 


10 


^ 


40 


.4» 


45 


42 


43 


40 


38 


30 


•22 


12 


II 


10 


25 


41 


41 


45 


42 


43 


41 


38 


30 


22 


II 


12 


10 


25 


4« 


41 


45 


42 


42 


41 


37 


31 


22 


10 


13 


ID 


27 


4» 


41 


45 


41 


42 


41 


37 


31 


32 


10 


14 


II 


28 


41 


40 


45 


4« 


42 


41 


37 


3« 


22 


10 


15 


II 


29 


41 


40 


44 


41 


41 


41 


3| 


31 


22 


10 


16 


12 


29 


4« 


41 


44 


41 


41 


40 


38 


31 


22 


10 


17 


13 


29 


41 


42 


44 


42 


41 


40 


38 


30 


21 


10 


18 


14 


29 


42 


43 


43 


42 


40 


40 


^l 


29 


21 


II 


19 


15 


30 


42 


44 


43 


42 


40 


40 


^l 


29 


20 


12 


20 


16 


30 


43 


44 


43 


42 


40 


40 


3f 


^ 


'i 


«3 


21 


16 


31 


43 


44 


43 


42 


41 


40 


3? 


28 


18 


«4 


22 


17 


32 


42 


44 


42 


43 


41 


40 


38 


28 


17 


'5 


23 


»7 


32 


42 


44 


42 


43 


4» 


39 


38 


^l 


17 


x6 


24 


»7 


32 


41 


44 


42 


43 


41 


39 


37 


26 


16 


16 


25 


18 


33 


41 


44 


43 


43 


41 


40 


37 


26 


15 


16 


26 


18 


33 


42 


44 


43 


43 


40 


41 


^l 


25 


14 


16 


27 


18 


33 


42 


44 


43 


43 


41 


41 


36 


25 


«4 


16 


28 


18 


33 


42 


44 


43 


42 


41 


41 


36 


24 


13 


16 


29 


18 




42 


44 


44 


42 


41 


40 


36 


23 


'3 


15 


30 


19 


• • 


42 


44 


44 


42 


40 


40 


35 


22 


H 


H 


31 


19 
9' 


•• 


42 


•• 


44 


•• 


39 


40 


•• 


22 


•' 


12 


Range 


14 


10 


5 


3 


4 


5 


3 


6 


»3 


10 


_6 



influence at work holding up and raising the level of radiation at this time of 
year. This influence is due to astronomical position, as will be seen in dis- 
cussing Table XI. The high radiation of the latter part of December is 
remarkable. Another noticeable point, but one not shown by any of the 
present tables, is that the months of greatest solar radiation fluctuations are 
those before the maximum and minimum, namely March and November. 
Another point is that the radiation of the district under discussion, owing doubt • 
less to the smoke canopy from which the westerly neighbourhood of Binning- ^ 
ham derives its name of the '* BUck Country,*' is some BP less than that of the 
average radiation of the country, taking western and eastern stations together. 
The highest radiation was 78° on March 9th, 1888, with snow the day before. 
The radiation on calm days is 26°'6. No radiation occurred on forty-one days 
in ten years. The period of Maedler's cold days of May is one of high 
radiation, as also is that of the November wave of barometric pressure. 

In taking out the rangQ the* period of indifferent exposure, MMrcb 1880* 
{November 1882, has been left out of the reckoning* 
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TA6LB X. 
liAZZicuM BoLiB BiDunoN Z875-1884. 



Month. 



Juraary.. .. 
February .... 
Mareh .... 

^ :::::: 

Jane 

July 

Angnal •••• 
September •• 
October .... 
November • . 
December .. 



Maximum 




TABLE XL 

SOLiB BaDUTIOK.— H1OHB8T BSADINOB DUBIHO TBI TSH YbABS 1875-84. 



Date. 


Jan. 
Feb. 


1 


1 


1 

1 


i 


i 




1 


i 


1 


1 















a> 
















I 


33 37 


53 


58 


60 59 


51 


56 


61 


49 


38 34 1 


49 


2 


45 46 


54 


54 


51 1 58 


60 


5; 


48 


50 


37 


37 


49 


3 


18 , 40 


43 


58 


53 


60 


59 


48 


J5 


54 


29 


36 


47 


4 


M 43 


54 


60 


59 


52 


53 


50 


53 


54 


44 


35 


49 


5 


39 


47 


43 


58 


55 


53 


58 


53 


66 


50 


37 


34 


52 


6 


39 


43 


4« 


59 


54 


52 


56 


59 


64 


54 


54 


25 


51 


7 


28 


3« 


72 


60 


54 


50 


56 


5« 


65 


51 


5« 


20 


50 


8 


26 


32 


75 


56 


56 


53 


55 


55 


5S 


46 


45 


24 


49 




x8 


39 


7« 


57 


53 


51 


53 


55 


5^ 


44 


34 


42 


49 




31 


40 


'^l 


49 


<H 


5f 


55 


50 


?3 


4b 


52 


20 


50 




M 


40 


4« 


53 


59 


56 


51 


56 


63 


50 


38 


33 


48 




22 


40 


50 


48 


56 


52 


55 


52 


52 


47 


47 


25 


46 




15 


42 


59 


66 


57 


52 


57 


50 


54 


45 


4« 


24 


47 




26 


40 


45 


48 


56 


5? 


5i 


57 


55 


49 


40 


21 


45 




27 


40 


65 


52 


55 


56 


47 


51 


52 


44 


45 


26 


46 




33 


43 


64 


63 


56 


56 


53 


50 


56 


48 


40 


31 


49 




49 


48 


69 


66 


58 


57 


50 


5? 


60 


45 


40 


28 


52 


43 


5« 


65 


52 


55 


55 


5» 


56 


60 


47 


40 


30 


51 




36 


5« 


49 


60 


56 


54 


4b 


55 


71 


39 


41 


45 


50 




28 


44 


55 


55 


55 


52 


57 


55 


58 


47 


39 


58 


50 




26 


45 


55 


59 


58 


5« 


57 


55 


59 


45 


61 


52 


52 




43 


51 


56 


62 


59 


5° 


50 


60 


53 


*2 


52 


41 


52 




39 


56 


57 


60 


52 


60 


53 


57 


57 


48 


5« 


35 


52 


H 


39 


54 


65 


67 


57 


55 


59 


51 


51 


50 


27 


58 


53 


25 


40 


49 


53 


55 


54 


53 


60 


53 


60P 


44 


29 


33 


48 


26 


43 


46 


5« 


61 


57 


53 


60 


53 


63 


44 


32 


39 1 51 


11 


48 


55 


56 


54 


55 


53 , 56 


68 ( 59 


43 1 28 


66 153 


43 


56 


52 


66 


58 


47 


49 


58 


48 


38 


22 


24 


47 


29 


29 


. • 


51 


50 


54 


5b 


53 


63 


55 


43 


29 


26 


46 


30 


42 


. • 


<>7 


54 


i^ 


54 


52 


62 


54 


¥> 


38 


28 


50 


31 


36 


•• 


55 




• • 


53 


64 


Ts" 


32 
46 


40 


43 


48 


Mean.. 


33 


45 


58 


57 


56 


54 


54 


55 


35 49 


Max. .. 


49 


56 


78 


5 


<H 


60 


60 


68 


71 


54 


61 


66 53 


Min. .. 


»5 


32 43 


5» 


47 


46 


4« 


48 


32 


22 


20 45 


Bange 


.314.. 


M 35 


19 


>3 


13 


14 


20 1 23 


22 


39 


46I 8 



Digitized by 



Googk 



190 SMITH — RESULTS OF SOLAR BADUTION OBSEBVATIONB, 1875-1884. 

This being so, we have taken out the following table. Table XI. shows 
the highest reading taken on the dates in ten years, and this gives a very 
interesting result, as it puts a different face upon things, — instead of a single 
May maximum we have here two maxima, well and clearly showing that 
March and September, or to speak more nearly, nine days before the spring 
and twenty days before the autumnal equinox, the times when we experience 
for a few days what would be the constant state of our climate if the sun 
moved in a plane coincident with the equator, are the periods of the m^TiTnnm 
effect of solar rays ; the average maximum radiation of March 12th and 
September 8rd being 62° — ^the average maximum radiation of March 2l8t 
and September 23rd being 59°. March to September inclusive only vary 4° 
in their means, themselves being the only months with readings over 70°. 
The mean of the maxima of every day of every month only gives a range of 
8° throughout the 81 days of the months. The high readings in the latter half 
of December are again seen here, while not far away is the distinctly 
marked minimum of January 12th, 85°. The line showing the ranges of 
maximum of the months is interesting, the steadiest maxima being in May, 
June and July, and the most fluctuating being when the sun is farthest away 
in influence. 

Following up this clue to two maxima at the equinoxes where we have 
usually noticed one only in May, let us show in the twelfth and last table a 
statement of nocturnal radiation for ten years — ^the differences between the 
minimum air thermometer at 4 feet above the ground and the minimum on 
grass. 



TABLE Xn. 

NOCTUBNAL RaDUTXOK FOB THE TwO PEBIODB 1875-9 AMD 1880-84. 



Month. 


1^ 


:^ 




00 


1 


1 


i 


M 


1 


1 


i 


t 


II 




M 


M 


M 


M 


M 


^ 


H 


H 


H 


M 


M 


-5 


3" 




























C_ 











0^ 


January 


i'4 


-0-6 


1-9 


^'5 


o*i 


07 


0-3 


17 


2-8 


i"9 


5*4 


2-4 


x-6 


February 


06 


05 


2-0 


z'8 


0*4 


1*1 


r6 


21 


30 


3-6 


41 


2-9 


2*0 


March .. 


O'O 


1-6 


1-4 


x-3 


05 


X'O 


I '2 


3'4 


37 


1-8 


4*3 


2-9 


2'0 


April .... 
May .... 


.. 


I'l 


0.9 


O'l 


03 


0-6 


1-6 


2-5 


4-2 


3-6 


4-8 


3-6 


2-3 


1-4 


• • 


08 


0-2 


1*3 


09 


2-6 


41 


6-0 


35 


3-6 


4-0 


2-6 


Jnne .... 


O'O 


30 


-0-4 


vo 


'2 


I'l 


2-4 


3*5 


56 


It 


32 


3-6 


2-4 


July .... 


-03 


0-4 


-05 


-0-4 


2-6 


04 


2-5 


3-1 


5*9 


6-2 


45 


2-5 


AnguBt .. 


1*3 


-0-3 


-04 


-05 


2*8 


o'6 


1-6 


r8 


57 


41 


61 


3-9 


2-3 


September 


0-9 


0*2 


0-3 


04 


3-6 


i-x 


i"9 


1-9 


5-6 


41 


42 


35 


2*3 


October . . 


07 


1*1 


r8 


08 


3-6 


1-6 


1-5 


1-9 


4-8 


4-8 


4*9 


3-6 


2-6 


November 


I'O 


I'l 


1-9 


07 


2-9 


1-5 


2-5 


x-8 


4-8 


40 


4-2 


37 


2-6 


Deoember 


07 


1*5 


0'3 


07 


2-8 


1-2 


2-6 


r6 




5-1 


3'9 


33 


2-1 


Average 


07 


0*9 


0-8 


06 


'•9 


10 


1-9 


2-5 


47 


37 


4-6 


.. 


2-3 


Spring .. 


07 


1*4 


I"0 


05 


07 


09 


1-8 


33 


4-6 


3-0 


4-2 


3-4 


2-3 


Summer 


03 


VI 


-0-4 


CO 


2'4 


I'l 


2*2 


2-8 


57 


4-0 


52 


40 


2-4 


Autumn 


09 


o*8 


1*3 


0-6 


3*4 


X'4 


20 


19 


51 


4'3 


44 


35 


2-5 


Winter .. 


0-9 


0-5 . 


1-4 


I'D 


I'l 


1*0 


SL 


r8 


2-9 


Ji 


Si. 


2-8 


j:s, 
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This is a table not of solar radiation bat of re-radiation of terrestrial heat 
into the atmosphere and space. It shows again the two periods of maxima 
as in Table XI.» but with an amount of lag of about forty days in spring and 
about forty-eight days in autonm. It also shows more clearly than Table XI* 
the two periods of minima at their proper three months' interrals in the third 
weeks of January and July, or shortly after the periods of the sun*s greatest 
southerly and northerly declination. Thus the May maximum is accounted 
for as governed by the seasons, the earth in our latitudes being then most 
turned towards the sun. Table Xn. being taken as the complement of 
Table XI. gives us the correction of the apparent anomaly of the eccentric 
curve ci the table of mean solar radiation (Table £[•), and Table XI. shows, in 
its high radiation of the later summer months, the Detct that we are then 
within the zone of greatest heat incidence at that time of the year. 

Increased radiation may be expected after heavy rains, because of the 
filtering which the[air receives. Accordingly we find (without giving tables) the 
excess, taking the day after fiiUs of half an inch and over and the day after 
continuous rains, is equal to 5i^. The greatest average excess is in February, 
11^ ; the least, after an interval of six months, is in August, P; the maxi- 
mum excess was in January 1884, +82°; the greatest deficiency after 
heavy rains was in November 1876, —16°* 

After violent winds, which remove local atmospheric impurities, we may look 
for increased radiation, accordingly we have an average excess of radiation on 
the days after gales, from whatever quarter, equal to 4}°. 

Again, sky freedom from cloud, whatever adverse influence it may exercise 
on absorption, does undoubtedly increase radiation, so we find (no tables 
given) the mean excess of the year is 5^°; the greatest average excess of 
clear Aj radiation over the mean is in February, 9^^ ; the maximam excess 
was in March 1888, +i3P ; the maTimnm deficiency of radiation with clear 
sky was in May 1878, —27^ Two months, June and July, show a mean 
deficiency for the ten years <^ respectively *8° and '4°. 

It has been suggested that the mean fluctuations of solar radiation about 
equal those of mean temperature, so we have here taken out for the ten 
years the monthly cases of agreement and disagreement of the two daily 
means, allowing + or —4^ of difierence in the solar radiation daily means, 
and + or — 2? in the air temperature means, and find that the cases of 
agreement are to the cases of disagreement as 8^ : 2; the maximum number 
of cases of agreement being in October, November and September, and the 
maximum number of cases of disagreement being in January and December, 
the aotuid numbers being for the four seasons : — 

Spring agreements 5 disagreements 
Summer ,f 2 „ 4 

Autumn „ 19 ,» 8 

Winter „ 6 „ 12 

This again points to cloud- influence, and also to the influence due to our 
position as regards the sun. 

These are the chief data, ascertainable from the fkcts before us. It is 
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nnadyisable to discass probabilities in this question, but as food for reflection, 
it may not be amiss to consider the influence of the duration of sunshine in 
connection with radiation. We have seen how the maximum of mean 
radiation occurs in May, but it requires bearing in mind, and is a veiy im* 
portant point in this connection, that from March 10th to Beptembw 8th 
the solar radiation only fluctuates 5°, and it may be that the May maximum is 
due to special circumstances and favourable coiy'unctions such as wind and 
cloud reaction, and that after all the march of radiation may be shown to be 
with that of other climatic phenomena and only in appearance eccentric. 
The tendency of wind and cloud reaction as to this has been ahready sketched, 
but it may turn out that long-period observation <^ the connection of solar 
radiation with sunshine duration may still further tend to assimilate the 
curves of this with other meteorological phenomena. The proportion of sun- 
shine in the ascending 'and descending radiation periods is as 5 is to 7, 
showing more sunshine during the summer to winter solstice than in that 
from winter to the summer solstice. The hours of sunshine in May, June, 
July and August are on an average more numerous than those of all the 
other eight months put together. It is fair to assume that the reservoir of 
heat thus created by the sunshine of the months, when so large a proportion 
of the day consists of sunshine, or at least sun influence upon earth tem- 
perature, may affect the mamtenance of the later sunmier and autunm high 
level of radiation as much as the combined influences of wind and cloud. 
Again, about the period of the May maximum the duration of sunshine after 
noon is longer than that of any of the other months. September also, 
though in a lesser degree, has this additional afternoon sun. If the black-bulb 
thermometer readings are at a maximum in May about 1.46 p.m., and the 
air thermometer at about 8 p.m., May with its additional twenty minutes 
afternoon sunshine has a better chance of a high record or a course of high 
records than the other months, excepting September, which also has a similar 
chance though in a less degree, and this is seen as occurring in a marked 
manner in 1876, when the mean solar radiation was no less than 17° above 
the average of the other nine Septembers of the period. There is, however, 
no instance of an exceptionally high mean in May. May, July and August 
being the months of least mean fluctuation, while S^tember, February and 
November are those of greatest mean fluctuation of solar radiation. May, June 
and July are the months of least maximum fluctuations, while December, 
November and March are those of greatest maximum fluctuations. The 
absolutely highest fluctuation in ten years was 76° in March, and the lowest 
46° in January and December. The year of minimum snnspots, 1878, was 
• one of average radiation. 

It is likely that ebullitions of the combustion of certain solar gases influence, 
the readings of radiation, and it would be interesting to know what, if any, 
special ebullitions occurred during September 1876, and during the first 
twenty days of April 1886, the peculiar radiation of which has been f«fenred to. 

In conclusion, the author begs to express his obligations to the papers in 
the Quarterly Journal^ notably those of Messrs. Ellis, Whipple, and Stow, in 
connection with this subject. 
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DISCUSSION. 

Dr. Mabcet said that the subject of solar radiation was full of interest, and 
while much was known concerning that phenomenon there still remained a great 
deal more to be learned. As an illustration of atmospheric humidity affecting 
solar radiation, he referred to the extreme heat of the sun on the Peak of 
Teneriffe, where the air is almost as dry as it is possible to imagine it can be, 
and where in summer hardly a cloud is to be seen in the sky. Prof. Piazzi 
Smyth, in his observations made at this place at an elevation of 7,000 or 8,000 ft., 
reckoned the temperature in the sun to be 212**. The mountains of Switzer- 
land also afforded examples of high solar radiation, the sun*s heat at Davos 
(5,000 ft.) in the winter exceeding that registered at Cannes on the Mediter- 
ranean seaside. 

Mr. Lecky thought that solar radiation would be greater with damp than with 
dry air, as he knew that in viewing objects through a telescope a much lower 
power was required in the moist air of Valencia than in the comparatively dry 
air of Cork. 

Dr. Marcet remarked that on the shores of the Lake of Geneva objects 
were much more easily discernible at a distance ajid appeared much closer when 
the air was moist than when it was dry, which the distinguished natural philoso- 
pher^ Professor De la Rive, of Geneva, had explained by assuming that the dust 
floating in the atmosphere is hygrometric, and absorbing moisture on damp 
days becomes transparent, thereby giving increased clearness to the atmosphere. 

Mr. Whipple said he regretted tliat such elaborate use had been made of 
observations from a black-bulb thermometer in vacuo^ as the records f uvnii$lied 
by these instruments were by no means satisfactory or trustworthy. In fact, tlic 
more he had to do with these thermometers the greater was his conviction tKat 
the observations from such instruments were worse than useless for the purpose 
of theoretical observations based upon comparisons. 

Capt. ToYMBEE remarked that relative changes were shown by instruments 
which did not give absolute values correctly ; for instance, an aneroid barometer 
wliich did not show the pressure of the air correctly would still show tlie changes 
in its pressure. He asked whether some such argument might not be used with 
reference to the various readings of a black-bulb thermometer. 

Mr. Stanley remarked that his own experience with black-bulb thermometers 
in vacuo led him to believe that it was impossible to attach much value to the 
indications of these instruments. 

Mr. Fox was disposed to agree with Dr. Marcet respecting dry air allowing 
solar heat to reach the earth more easily than moist air. He drew attention to 
Prof. Tvndairs experiments on the heating and penetrative powers of luminous 
and dark heat. 

Mr. Smith, in reply, said his paper only dealt with a local and small portion 
of the subject. He thought the tliickness of the atmosphere was as much a 
function of radiation intensity as was the angle and the season of the year at 
which the 8un*s rays shone upon the earth. He reminded Mr. Whipple tnat the 
thermometer used in the observations was verified by himself, and any one part 
of its register was strictly comparable with any other part. 



The Olimatb of KiLLABMBy. By the Yen. Arcbde»con Q. B. Wynne, M.A., 
F.B.Met.Soc. 

[Bead April 2lBt, 1886.] 

Temperature. — The oliioaki k detennined partly by its geographical position, 
placed as Killamey is within 14 miles of Dingle Bay, 18 miles of Eenmare 
Bay, and 40 miles of Valencia Ishind. It has thus the benefit of proximity to 
the South-west Coast, with all the modifying influences of the Gulf Stream. 
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Bnt the temperature is locally modified, and a decided di£ference is found to 
esdst between that of Valencia and of Eillamey. In Table I. the contrast is 
exhibited for one year, a period sufficient for the purpose.^ 

TABLE I. 

MXAN TXMFIBATTTBS, VaLBNCU AMD KiLLABNXT. 



1886. 


IBt 

quarter. 


2nd 
quarter. 


3rd 
quarter. 


4th 
quarter. 


Year. 


Valeneia 

Killarnoy 


o 
44-5 
41-1 


»:; 


sn 


47-6 
457 


o 
49*9 
48-3 




Difference 


— »*4 


—1-5 


— 0-9 


*-r9 


— r6 



Note. — ^At midsummer the Eillamey weekly mean five times exceeded 
that of Valencia. 

How is this difference brought about ? If we examine the maximum and 
minimum weekly means for 1885 we shall find that the maximum at Valencia 
exceeded that at Eillamey on 19 occasions, and that the minimum at Valencia 
exceeded that at Eillamey on 52 occasions. 

In other words, while the Eillamey weekly maximum was equal to or 
above that of Valencia 88 times, the Eillamey minimum was always below 
that at Valencia. The range therefore at Eillamey is considerably greater. 

The minimum temperatures at Eillamey have attracted some notice. 
Compared with Valencia we find as above, while compared with the actual 
weekly minima from ** Ireland S " for 1885 we find that the Eillamey 
minimnm was 14 timcs in the year lower than that of any other southem 
station, and 11 times it was as low, including 7 times on which it was lower 
than that of any of the 17 Irish stations of the Meteorological Office. This 
is noteworthy when it is remembered that comparison is made, among others, 
with the central stations, Parsonstown, Eilkenny and Armagh, and the North 
Eastem Donaghadee. 

The mean annual temperature may also be compared with that of << Ire- 
land S.'* It stands thus for four years past : — 

TABLE U. 
Mean Annual Tbkpbbatvbb voe Foub Ysabb. 



tear. 


1882. 


1883. 


1884. 


1885. 


Killamey^ 

<*Ireland8'* 



49-5 
50-3 


487 
49'3 



49-4 
50-1 


4i% 


Difference 


—•8 


—•6 


—7 


+ I-Z? 



It might fairly be expected from the reputation for mildness and relaxing 
air which is home by Eillamey^ that the mean temperature would exceed the 

1 It should be noted that the thermometer loreen at XiUamey stands at a level about 
20 It. above the mean level of Lower Lake, 
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average of the whole of the island south of the latitude of Dublin ; but such 
does not appear to be the case. 

Lastly, comparing the Eillamey with the Dublin obserrations for the four 
years, we have first to decide whether we shall take the City observations 
published in Ti^^ Meteorological Record ^ or those furnished by the Observatory 
of the Ordnance Department, Phoenix Park. 

A comparison shows that the City readings are, on the average, much 
higher than the Park ones. For the years 1882, 1888 and 1884, the excess 
of the City monthly actual minima over those of the Park can be seen 
below : and we give the Table, as it may be judicious to let meteorologists 
know that the Dublin City observations are exceptional. 

TABLE m. 
Mean Monthly Miniva at Dublin. 



Month. 



Jannaiy.. 
February 
March •• 
AprU .... 
Bfay .... 
June .... 
July .... 
AngoBt .. 
September 
October .. 
November 
December 



City. 


'^ark. 


City. 


Park. 


City. 


Park. 


1882. 


1882. 


1883. 


1883. 


1884. 


1884. 




















40-4 


3!l 


^V 


JS-3 


4I-2 


39-4 


41-9 


3!1 


38-9 


j6-j 


39-2 


3r« 


41-2 


38-6 


337 


30*0 


^V 


37-5 


41*4 


37*9 


40- 


3S*» 


38-3 


35-» 


46-3 


41-3 


4S-5 


41-3 


45-6 


4«-4 


497 


46-3 


504 


467 


507 


468 


S3-? 


496 


5*-5 


♦95 


54-8 


50-9 


53-6 


50-2 


53-4 


49-4 


5S-I 


^r* 


477 


44-1 


497 


4Sfi 


521 


485 


45*4 


412 


44-6 


4>-3 


44-6 


417 


389 


36*0 


39-6 


361 


367 


35-5 


33-8 


307 


38-1 


34-8 


37*4 


347 



Comparing the Eillamey minima with the Dublin City Record, we have 
in the years 1882, 1888, 1884, 81 months out of 86 in which the EiUamey 
mean minimum was lower than that of Dublin. But during that period the 
Eillamey minima were lower than those of Phoenix Park only 5 times. 

It is noteworthy that in 1884, when observations in Londonderry began 
to appear in the Record^ the Eillamey mean minimum temperature was lower 
than that of Londonderry 5 times. 

Lastly, viewing actual minima for the years 1882, 1888, 1884 and 1885, 
and comparing with Phoenix Park, we have 19 months in which the Eillamey 
minima were lower than that of the Park. (In every month Eillamey was 
lower than the City.) The annual mean of actual monthly minimum tempera* 
tnres stood as follows : — 

TABLE IV. 



Tear. 


1882. 


1883. 


1884. 


1885. 


IT^llartiAy ,,,,.,..,, ,,,, 


25.6 
28-3 



291 

307 


33-8 


28*1 


FhoenixPark 
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The lowest temperature in the shade in the fonr years was 11^*5 at 
Killamey, and Q^'S at Phoenix Park, in December 1882. 

From all the above comparisons it appears sufficiently clearly that EoUamey 
is to be credited with low minimum temperatures, and low mean temperatures 
consequent on these, as the maxima are comparatively high. 

When we ask the cause of the great difference between Valencia and 
Killamey in the matter of temperature, we do not attribute it mainly to 
the inland character of the latter station. It is distant but a dozen or 14 
miles in one direction from the heat-bearing waters of the Gulf Stream, and 
the tendency of the large amount of precipitation caused by the mountains 
which lie between Killamey and Valencia must be to increase rather than 
to diminish the heat of the air surrounding them. 

The solution of the problem seems rather to lie in the fact that Killamey 
lies in a great irregular basin, surrounded by mountain ranges for about a third, 
and by hilly plains elevated some hundreds of feet above the lakes on most 
of the remaining two-thirds of the circle. 

The tendency of the heated air to ascend, leaving its place to be occupied 
by a colder stratum, probably explains the comparative coolness of Killamey 
at and near the Lake level, a fact established by the observations of the last four 
years, and one subversive of the popular opinion that Killamey has a very mild 
climate indeed. The mildness, it would appear, is rather the attribute of the 
county than of this particular basin, and on the whole, judging from actual 
minimum readings, or even from mean temperatures, appears to be a character 
not justified by the facts of the case.^ 

EainfaU. — I shall simply give the Annual Rainfall for the last four years 
at the three stations in and about Killamey, comparing the figures with 
those for mean of Ireland, and the Dublin rainfall for each year. 

It appears that that which may be an excessively wet year in the South ma 
be marked by comparative dryness in the East of Ireland, an observation 
often verified by the comparison of monthly totals. 

Amount of Cloud, — ^Five years* observations bring out the fact that the mean 
proportion of cloud, varying little with the seasons, is slightly over 7, a 
proportion which in England is characteristic of towns in the Black Country, 
and of such places as Bolton. 

1 With a view to determining whether the low minima obaerved are due to some 
local conditions applying only to the station at Woodlawn House, or whether these low 
minima affect the whole basin in which Killamey is sitoated, a second station was 
established on April 1st at the District Asylum, KiUarney, at a distance o£ 1 mile 
from, and at an elevation of 80 feet above Woodlawn. The resalts, so far, for the three 
months (April, May and Jane) have been :~ 

Mean of minima at Asylum, April, 38-8 ; May, 43-5 ; June, 60-6. 
>i .1 WoodUwn, „ 89-2; „ 425; „ 499. 

The mean dzy-bolb 9 a.m. temperatures at the two stations were :— 

Asylum, April, 49-0 ; May, 60*8 ; June, 67-8. 
Woodlawn, ■,, 48-8; „ 61-1; „ 57-8. 

(Note added July 1886.) 
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TABLE V. 

Annual Bainf all. 



Years. 


Killamey. 


Gap of 
Donloe. 


Mangerton. 


Mean Ireland 
South. 


Dublin. 


1882 
1883 
1884 
Z885 


ins. 
58-13 
70*06 
6316 
52-69 


ins. 

I02*3 

101-9 
89*2 


ins. 

96-0 

+83-0! 

88-1 


ins. 
40-0 1 


ins. 

34-8 
29*6 
21*2 
»3-S 



1 In March 1884 the mountain gauge seems to have been choked with snow, and 
some amonnt of precipitation has been unregistered. 

TABLE VI. 
Table xLLUsTBATiNa Gompaeatiye Cloudiness, 



District and Station. 



1882. 



9 a.m. 9 p.m, 



1883. 



9 a.m. 9 p.m, 



1884. 



9 a.m. 9 p.m, 



Mean 
of all 



Ekoland, N. 
Alnwick (Oramlington 1884) . . 

Enoland, E. 

Lowestoft 

England, Mid. 
Cheltenham 

England, S. 

Margate 

England, S.W. 
Babbacombe «. 

Ibeland, E. 
Dublin 

Ibsland, N. 
Londonderry 

Ibeland, S. 
Killamey 



6-5 
6-8 

7*3 

rs 

7.1 
6-5 

rs 



5-8 
6-2 

6-4 
6*2 
6-1 
5*6 

6-8 



67 
6-9 
6-8 

67 
7'o 
6-1 

r6 



57 
6-2 

57 
5*3 
57 
5-6 

67 



7-3 
6-6 
6-7 

6-4 
6*8 
6-4 
77 
7-3 



6-1 
5-8 
57 
5*» 
5*9 
57 
6-4 
6-5 



6-3 

6-4 
6-4 
6*2 
6-4 

59 

7-05 

7-04 



Note. — Observe (1) The mean ratio of aU 9 a.m. readings to all 9 p.m. 
readings for seven stations daring three years is 6*9 : 5*9. 

(2) Publin shows minimam clondiness, Londonderry and Eillamey inaxi« 
mum. 



'Results of Meteobolooical Obsebvations bcade in SelAnoob, IICalat 
States, 1879-1884. By A. W. Sinolaib, L.B.O.P. Gommnnicated by 
E. D. Abghibald, M.A., F.B.Met.Soc. 

[Bead April 21st, 1886.] 

I submit herewith (1) abstract of rainfall observations for the six years, 
1879-84, at Ewala Lninpor (the commercial capital), situated at the source 
of the Elang river; (2) thermometrical and rainfall observations taken during 
1884 at three out stations, viz. : (a) Elang, the principal seaport, situated at 
the mouth of the Elang river, (b) Eajang, representing the source of the 
Langat river, and (c) Ewala Langat (the residence of the Sultan) at the mouth 
of the Langat river; and (8) an abstract of meteorological observations 
taken at Ewala Lumpor during the year 1884. 



Digitized by 



Googk 



198 SZNOLAXB— MET. OBSEBTATIOKS IN SELINGOR, MAULT BTATES| 1879-1884. 

All the insinunentfl are byNegretti and Zambra. The barometer is a 
standard, and monnted in brass. 



TABLE L— Baihtall at Ewala Luupob, 1879-1884. 



Months. 



January . 
Febniaiy . 
March ••• 

April 

May 

June 

July 

August ••• 
September 
October . . . 
November . 
December . 



1879. 1880. 



Ins. 

17-31 
9-05 
5-13 
4'34 

13-89 
0*82 
6-63 
678 

4*95 
10*96 
10*62 
io'56 



Ins. 

474 
6*19 

9*51 
7-69 
770 
1-50 

5*55 
8-6z 
8*6o 

5-20 

8*o6 

IX*I2 



Year 101*04 84*47 99*59 86'i8 i 84-82 98-62 5547^ 



1881. 1882. 1883. 1884. Totals, 



Ins. 

3*81 

8*04 

5*48 

10*36 

12*37 

»-53 

a77 

4-6i 

11*43 

io'66 

13*65 

13-88 



Ins. 

iro8 
6-6o 

675 
12*52 
6*83 
0-59 
0*33 
8*69 
3*98 
7-93 
"73 
9'iS 



Ins. 

4*37 
xo-68 

973 

12*99 

7-58 

o*99 

^•53 
3*88 

5-n 

9-45 

10*34 

8*15 



Ins. 
9*21 
5*io 
6*07 
xi'3X 
13-95 
435 
4-6i 

436 
6*o8 
17-52 
8-12 
7*94 



Ins. 
50*52 
45-66 
42*67 
59*21 
62*32 
10-78 
21*42 

36*93 
40-17 
61*72 
62*52 
60*80 



TABLE U. 

Abstbact of Tshpebatube and Bainfall Obsrbtations taken at 9 A.1C. AT Klano, 
Eajamo, and Ewala Lanoat, out Stations of the Malay Native State op 
Selamoob, dubinq the Teas 1884. 



Months. 


Elang. 


Eajang. 


Kwala Langat. 


Temperature. 


Total 


Total 


Temperature. 


Total 










Bainfall. 


Bainfall. 








T^infAll 




Max. 


Min. 


Range. 






Max. 


Min. 


Bange. 















Ins. 


Ins. 











Ins. 


January 


8ro 


68*5 


18s 


11*13 




8?* 


62-8 


22*4 


778 


February 


88-8 


69*9 


i8-9 


516 


*g 


823 


61*8 


20*5 


1-43 


March .. 


897 


704 


19-3 


1-63 


g 


83-6 


61-4 


22*2 


»*37 


April .... 


897 


71-4 


183 


7*19 


£ 


84-1 


635 


ao-6 


827 


May .... 


907 


709 


198 


1 1 '06 


^ 


«7-4 


62-6 


24-8 


11*74 


June .... 


89-3 


70-4 


.8-9 


8-09 


86-8 


62-6 


24*2 


6*58 


July •••. 


^l 


71-3 


19-0 


3*o6 


J-22 


!l?7 


637 


22-0 


10*73 


August .. 


71-3 


181 


7*18 


6-35 


84-9 


628 


22-1 


6*20 


September 


897 


707 


19*0 


3*13 


2-84 


82-4 


639 


191 


3*20 


October . . 


897 


71-0 


187 


11*29 


22-47 


842 


643 


19-9 


11-56 


November 


88-2 


71-8 


16-4 


15-31 


I2'37 


8vi 


64*6 


20*5 


10*00 


December 


877 


71*2 


i6*5 


7-65 


708 


85-0 


63*5 


21*5 


TV? 


Tear .. 


89-. 


707 


18*4 


91-88 


.. 


847 


631 


21*6 


86-23 



The following is an extract from the Chronicle and Directory for China, 
Japan, and the Philippine Islands, &c. Hong Kong, 1885 : — 

S^LiNaoB. — ^This is one of the native states of the Malayan Peninsnla, and 
lies between the Bindings and Sungie Ujong on the Straits of Malacca. Its 
boundaries are not accorately defined. The government is administered by 
the Sultan, Abdnl Samat, with the assistance of H.B.M.'s Resident, who has 
a staff of English officials. The population of the State is increasing, and 
was estimated in 1888 at 42,000, of whom 80,000 are Chinese. The tern- 
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TABLE m. 

Abstbaot or Mbteobolooical Obsebvations taken at Ewala Luicpob, Sslanoob, 
DUBiNa THE Year 1884. 

177 ft. above 
Bea Level. 



MonthB. 



9 a.m. 



lit 
1^ 






I'g 

4" 



Temperature. 



January . 
Februazy . 
March ... 
April ..... 

May 

June 

July .... 
August ... 
September. 
October 
November . 
December . 



Means 



Ins. 

29*898 
.907 
•887 
•868 
'870 
•883 
•874 
•882 
•891 
•911 
-896 

19*906 



79-0 
81*4 
82*9 
82*1 
83*0 
82-4 
81*4 

82*1 

8i*9 
8i-o 
80*1 
78*4 



0/0 

80 
7* 
7a 
79 
80 

79 
80 

77 
77 
82 
80 
81 



5 

4 
+ 
4 
4 
4 
5 
4 
4 
4 
4 
4 



90*7 
93*6 
93*2 
93*8 
96*6 
95*2 
92*4 

937 
93*2 
90-8 
903 
88*2 



69*3 
69*4 
69*7 

71*2 

72*8 

7I-I 
70' I 
70*2 
70*0 
69*7 
70*1 
68-7 



21*4 
24*2 

23-5 

22*6 

23*8 

241 

22*3 

23*5 
23*2 

21*1 
20*2 
19-5 



29*889 



8r3 



78 



j^ 



^ 



2*6 



■22 



2a'4 



Months. 



January 
February 
March .. 
April .... 
May .... 
June . . . . , 

July 

August .. 
September 
October . . 
November 
December 



3p.m. 



Ins. 

»979S 
*77i 
•771 
•742 

749 
•761 

758 
754 
*762 

790 

•780 

29*760 



B3 



84-2 
87-2 
877 
85-5 
88*7 

85-9 
88*3 

87-4 
86*6 
83*8 
83*1 
84*0 



0/0 
7* 
58 
63 
7» 
68 

75 
66 

67 
65 
74 
76 
68 



o 

II 



9p.m. 



its 



Ins. 
29*894 
•907 

•874 
*86o 

•873 
•873 
•867 
•866 
•877 
•900 
*9o8 
29*914 



B ^ 



73"9 
74-4 
74*9 
74*9 
76*3 

75-5 
75*0 
75*0 

747 
74-8 
747 
73*9 



It 



0/0 

92 
91 

9» 
93 
93 
93 
92 

94 
93 
93 
93 
94 



II 



Mean 

Direction 

of 

Wind. 



N 

Gahn 

Gahn 

Calm 

SE 

SE<feSW 

8W 

SE 

8W 

SW 

SW 

SE 



Means 



29*766 



86*0 



69 



6*5 



29*884 



74-8 



93 



5-9 



peratnre ranges from 57^ to 108° Fahr. in the shade. The average annual 
ramfall is 91 ins. The chief imports consist of rice, salt, opium, tobacco, 
tea and oil ; while the exports are tin, gamwood, hides, salt-fish, sago, canes 
and rattans. The revenue for 1888 amounted to ;^450,664, and the expendi- 
ture to ^448,708. 
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EXHIBITION OF BAROMETERS, 

Held bt permission of the Council of the Institution of Civil 
Enginbebs, at 25 Great Georqe Street, Westionsteb, S.W. 

MABCH 16th, and 17th, 1886. 
(IlliiBtrations of Bome of the Barometers are given on Plate 3.) 



MEBCIJRIAL BAROMETEBS-ADJUSTABLE CISTERN. 



1« PortaUa or Mountain Barometeri with ivory float, and vernier reading to 
'002 in., by Miller of Edinburgh. Thermometer by P. Bath, Cork. 
From the observatory of the late Dr. Longfield, of Cork. (See FhiL 
Trans. Vol. LXIX. p. 163.) Exhibited by R. J. Lbcky, F.K.Met.Soc. 

2* Fortin Barometer} tube 0*5 in. diameter, with glass plunger to raise the 
mercury in the cistern. Exhibited by F. Adie. 

3. Fortin Barometer^ with scale figured to tenths of an inch. (Fig. 1.) 

ExhOnted by L. P. Casella, F.R.MetSoc. 

4. Fortin Barometer) with cistern and tubular casing sauare in section. 

Exhibited by Messrs. Neoretti and Zambra. 

5. Standard Barometer* bjr Barrow, the pattern used by the members of the 

British Meteorological Society about 1850-60. 

Exhibited by the METEOROLoaiCAL Council. 

6. Mountain Barometeri Fortin pattern, by Negretti and Zambra, in mahog- 

any case, which itself forms the tripod stand. Total weight 4^ lbs. 

Exhibited by Q. J. Symons, F.R.B. 

7* Improved Mountain Barometer. (Fig. 2.) 

Exhibited by L. P. Casella, F.R.Met.Soc. 
B. Travelling Barometer^ by West, of Fleet Street, with leather bag cistern, 
scale for capacity correction, divisions on strip of brass attached to 
Wooden mounting, rackwork vernier reading to -001 in., and attached 
thermometer arranged for removal so as to be also used to obtidn air 
temperature. Exhibited by G-. J. Symons, F.R.S. 

9. Mountain Barometer, by Adie, with stand and case. This barometer was 

originally used by the North American Boundary Commission of 1857, 
and has since its return been employed on the inter-comparison of the 
various Standard Barometers of tms country, having been designated in 
the published accounts of such comparisons a *^ hack " barometer. It 
has anuncontracted tube 0*5 in. in diameter, and is in a brass case, with 
a Fortin cistern fitted with Adie's glass plunger instead of the ordinary 
leather bag. The scale is a continuous one reading from 11*6 ins. to 
32*2 ins. and is divided to 0*05 in. There are two verniers perman- 
ently fixed 9 ins. apart on an inner tube, which is moved up and down 
by a rack and pinion. A brass tripod and eimbals are provided for its 
suspension, and a circular level is attached to the top of the case to 
ensure its verticality. Exhibited by the Kew Coumitteb. 

10. Self-OompenBating Barometer. — This consists of the usual form of 

instrument, but with a double rack moved by one pinion, so that when 
adjusting the vernier in one position the second rack moves in the 
opposite direction, carrying along with it a plunger which is the exact 
sue of the internal diameter of the tube. This dips into the cistern, so 
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that whatever displacement has ta\cn place in the cistern owing to the 
rise or fall of the mercury, it is exactly compensated by the plunger 
being more or less immersed in the mercury ; and consequently no 
capacity correction is required. C^ig. 3.) 

Exhibited by Messrs. Negretti and Zambba. 

11. Standard Barometer with Electrical Adjustment.— This consists of an 

upright glass tube dipping into a glass cistern of mercury , so contrived 
that an up and down movement, by means of a screw, can be imparted 
to it Through the top of the tube a piece of platinum wire is passed 
and hermetically sealed. The cistern also has a metallic connection, so 
that by means of copper wires in the back of the frame a galvanic 
circuit is establishea ; another connection also exists by means of a 
metallic point dipping into the cistern. The circuit, however, can be 
cut off from this by means of a switch placed about midway up the 
frame. On one side of the tube is placed a scale of inches with a small 
circular disc divided into 100 parts connected with the dipping point, 
and working at right angles with this scale. On the other side of 
the tube is a galvanometer. When the cistern is screwed up, so that 
the mercury in the tube is brought into contact with the platinum wire 
at the top, the needle of the galvanometer is instantly deflected. The 
switch is then turned, and the dipping point screwed until it makes con- 
tact with the mercury in the cistern. The reading is then taken. 

Exhibited by Messrs. Negretti and Zambra. 

12. Negretti and Zambra's New Standard Barometer with overflow cistern 

adjustment. In taking an observation the mercury in the glass reservoir 
is screwed up until it covers the inner small tube down which it flows into 
the lower part or cistern. The screw action is next reversed until the 
same tube is quite uncovered. The mercury in the reservoir then repre- 
sents the zero point, from which a correct scale reading of the instru- 
ment may be taken. Exhibited by Messrs. Negretti and Zambra. 

13. Stanley*8 Cheap Barometer* — In this barometer the glass cistern, is raised 

by a screw until an ivory peg touches the mercury. The reading is 
taken across the upper edge of a short square metal tube carried bv the 
vernier. The scale is divided on German silver. The vernier readfs to 
•01 in. Exhibited by W. F. Stanley, F.R.Met.Soc. 

14. Boylean-Hariotte Barometer- — This instrument, which was invented by 

T. Telford Macneill, consists of a short central glass tube, a lower open- 
air tube or bulb, with diaphragm joined to it, covered with vulcanite 
and a brass tube which covers the glass tube and on which the gradua- 
tions and figures are given. Attached to this is a cistern filled with 
mercury, which has a stopcock and a screw adjustment. The total length 
of the instrument is from 12 to 15 ins., but for convenience of carriage 
the cistern can be detached and carried separatelv. The atmospheric 
pressure is measured by an uniform volume of air being admitted to 
the cistern, and compressed by the advance of the mercury to a fixed 
point. The readings are taken from two points, as in the Fortin 
barometer. (Fig. 4.) Exhibited by L. f. Casella, F.R.Met Soc. 



HEBCUBIAL BABOMETEBS-OLOSED GISTEBN. 



15. Morland*8 Diagonal Banmeter, the top part of the tube of which is in- 

clined more or less from the perpendicular to give an enlarged scale 
reading. (Fig. 5.) Exhunted by Messrs. Neqretti and Zambra. 

16. Large Cistern Barometer. — This instrument was made for the Meteoro- 

logies Society of London in 1837 by Mr. R. C. Woods, and cost forty 
guineas. The proportion of the calibre of the tube to that of the cis- 
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tern is as 1 : 50, a proportion which was considered sufficient to obviate 
the necessity for applying capacity corrections. The tube and cistern 
originally held 70 lbs. of mercury. 

Exhibited by the Royal Mbteobological Society. 

n. Eew Barometeri first designed in 1853, tube 0*4 in. in diameter. In this 
instrument the cistern is closed and the scale contracted, to obviate the 
necessity of correction for capacity. Exhibited by P. Adie. 

IB. Marine Barometeri by Dennis, as supplied to H.M. ships previous to 
1854. It was used for the meteorological re^ster kept on board 
H.M.S. Rattlemahe during a voyage to Behnng Strait, including 
wintering at Port Clarence, 1853-55. 

Exhibited by the Meteoboloqical COUNCIL. 

19. Kew Marine Barometer, as adopted by the Admiralty. (Fig. 6.) 

Exhibited by P. Adie. 

20. Ooast Barometer, by Negrettl and Zambra, with plate for exhibiting the 

certificate of corrections. Exhibited by the Meteoboloqical Council. 

21. Qon Barometer. — ^The glass tube is packed with vulcanised india-rubber to 

check the vibration caused bv finng. (Fig. 6.) 

Exhibited by Messrs. Neobetti and Zambba. 

22. Marine Barometeri by Newman, used for the meteorological register kept 

on board H.M.S. Eesolvie^ 1850-51. It reads correctly with the Meteoro- 
logical Office Standard, but the tube is not sufficiently contracted for a 
marine barometer. Exhibited by the Meteoboloqical Council. 

^. Marine Banxmetery by Emst, the pattern used in the French Navy in 1860. 

Exhibited by the Meteoboloqical Council. 

24. Station Barometer bv Tonnelot, as used at the Ecoles Normales in France. 

The diameter of the cistern is ten times that of the tube, and the divisions 
of the scale are shortened accordingly. 

Exhibited by the METEOBOLOQICAL Council. 

25. Coast Baiometeii by Salleron, as used in France. 

Exhibited by the METEOBOLOQICAL Council. 

26. Marine Barometeri by Olland, as used in the Dutch Navy. 

Exhibited by (he METEOBOLOQICAL Council. 

27. FitlBoy Coast Barometer. — This has a tube with very large bore mounted 

in a solid oak frame, with scales and figures engraved on porcelain, the 
vernier readilis to 01 iti. This form of instrument is now used by the 
Royal NationiU Life Boat Institution. (Fig. 7.) 

Exhibited by Messrs. Neqbetti and Zamdba. 

28. Old BarometeTi by Newman, with thick tube, bore 0*2 in. in diameter. The 

case is of square tubing undivided, and the scale on an inner square tube 
is moved by a rack and pinion. It is graduated downwards from 
25 ins. to 31 ins. and divided to '05 in., tne vernier being a fixture, 
screwed to the case, and it reads to '002 in. The values of the capacity 
correction and neutral point are engraved on the back. The cistern is of 
iron, closed and provided with Newman's arrangement for portability. 

Exhibited iy the Kew Committee. 

29. Portable Newman Barometer.— The tube is uncontracted, 0*4 in. in 

diameter with 0-25 in. bore, and is tightly embedded in mahogany 
and protected by sliding mahogan^r covers. The scale is of flat brass 
and extends from 20 ins. to 32*3 ins. The vernier slides up and down 
the scale, friction tight, fine motion being imparted to it by a long 
screw lying at the back of the scale, the head of which projects through 
the top of the instrument. The cistern is closed, cased in brass, and is 
provided with Newman's arrangement for portability. The values of 
the capacity correction, neutral point, capillary correction and standard 
temperature are engraved on an ivory tablet inserted in the firont of the 
case. Exhibited by the Kbw Commites. 
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30. Portable Newman Barometer with square tubing. Exhibited by C. Bakeb. 

31. Mountain Barometeri old form, in mahogany frame, with engraved values 

of neutral point capacity and temperature correction. 

Exhibited by C. Bakeb. 

32. Portable Barometer graduated on the glass tube, with a sliding vernier, 

devised by Sir John Richardson, and used by him in the Arctic Regions. 
Exhibited by the Meteorological Cottncil. 

33. George*B Portable Travelling Barometer, with spiral cord for filling the 

tube. (See Quarterly Journal Met Soc, Vol. II. p. 29.) 

Exhibited by the Kew Committee. 



34. Hieks'B^Spural, Tate Banmetery_ giving a runge of eight inches for one 

xhUntedby C. Bakeb. 



inch variation of atmospheric pressure. (Fig. 8.) 

Exh 



MEBCUBIAL BABOMETEBS-SIPHON. 



35. Hooke'B Bonble Barometer. Exhibited £y R. A. Wiuion. 

36. Old Batch Barometer by Reballio, combining siphon and long range 

barometer, thermometer and hygrometer. Exhibited by M. Pillibcheb. 

37. Gay LoBBac Monntain Barometer with vernier to each limb. (Fig. 9.) 

Exhibited by Messrs. Negbetti and Zambba. 

38. Mounting of Travelling Barometer formerly belonging to, and used by, 

De Luc. Presenteu by the late Prof. John Morris, F.G.S. 

Exhibited by the Royal Meteobological Society. 

39. Bonten'B Siphon Barometeri Paris. The tube is l centimetre in diameter ; 

the upper scale extends from 20 to 42 centimetres (graduated upwards) ; 
the lower scale from 80 to 40 centimetres (both scales are divided to 
millimetres). The verniers are moved by small pinions gearing into 
racks cut on the edge of slits in the tube. 

Exhibited by the Kew Committee. 

40. Siphon Barometer by T. Jones. The tube is about 0-3 in. in diameter. 

The upper scale is graduated from 24*3 ins. to 33*5 ins. and divided to 
*02 in. The lower scale is graduated from 0*0 in. to 9*3 ins. upwards. 
The verniers are on tubes slipping over the outer case, fine motions 
being obtained by one part moving over the other. 

Exhibited by the Kew Committee. 

41. Siphon Barometer^ bv Adie. The tube is 0*5 in. in diameter. There are 

double scales divided to 0*05 in., the upper reading from in. to 16*6 ins. 
upwards, and the lower from in. to 15*5 ins. downwards. The verniers 
are moved by long racks, by means of milled heads and pinions in the 
centre. Exhibited by the Kew Committee. 

42. Wild's Siphon Barometer as used in Russia. This consists of two tubes, 

one closed at the top and the other short and open, corresponding to 
the short leg of the ususl form of siphon. (Fig. 10.) 

Exhibited by the Meteorological (Council. 

43. Mountain Barometer, by Dollond, with leather ba^ and reservoir, siphon 

cistern, with tap, for rendering it portable, with detachable thermo- 
meter. Exhibited by G. J. Symons, F.R.S. 

44. Bogen'B BarometerBi Nos. l and 2. The long leg of the siphon is closed at 

one end, and is supplied with a glass stopper with a fine hole through it 
at the other. When the tube is filled the stopper is inserted, and, the 
hole through the stopper being closed by the finger, the tube is inverted 
and a portion of the mercury sJlowed to flow away to produce a vacuum. 
The short leg is of the same diameter, and is formed with a semicircular 
bend at one end, which is ground to receive the open end of the long 
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limb. The short limb is then partly filled with mercury, the two parts 
are fitted together, and the tube is brought to a vertical position. It 
stands on a pivot, so that by turning the instrument round it can be 
seen whether the column is vertical. Exhibited by the Eew Committee. 

45. Siphon Barometer designed by Gapt J. B. Basevi^ B.E.| and used by him 

in the high Table Lands of Thibet, in connection with the operations of 
the Great Indian Trigonometrical Survey. It consists of a tube 0*3 in. 
diameter, tied hy cord to a paper scale, graduated, by pen and ink 
from in. to 34 ins., and divided to 0-1 in. The cardboard setting 

Eiece and vernier have been lost. The case is a split bamboo, the tube 
eing protected in carriage b;^ a rough cotton cushion. The bamboo 
case is fastened by merely tying cords around it. (See Account of the 
operations of the Great Trigonometrical Survey of India, Vol. V. p. 
223.) Exhibited by the Eew Committee. 

46. Stanley's Barometer with '' Rising and Falling'' Index. This is an 

ordinary barometer with large cistern. The barometer case also 
contains a second barometer of siphon form. A weight on the free 
surface of the mercury in the open tube of the siphon is connected to a 
silk cord which passes over the axis spindle of the ^^ rising and fidling " 
index. The cord has a light weight at its extreme end, so as to keep a 
light pressm'e on the spindle. The spindle (which is very small) carries 
an inaex hand that is stopped to the ri^ht or left at the words ** rising^* 
or *^ falling." When the mercury is nsing, the silk cord^ by displace- 
ment of the floating weight, moves the index hand to " rismg," where it 
stops, as any further rising of the barometer onl^ permits the silk cord 
to slip on the spindle without moving it. In falling vice versa. 

Exhibited by W. F. Stanley, P.R.Met.Soc. 

47. Qathrie's Sensitive Barometer. The tube is 6 mm. in internal diameter, 

connected by a flat horizontal spiral, of 2 mm. internal diameter, with 
the open tube of the same diameter as the long tube. In the spiral 
tube is a bubble of air for indicating the variations of atmospheric pres- 
sure. The motion of the bubble is nine times that of the level of the 
mercury in either limb, or four-and-a-half times that of the true baro- 
metric variation. Exhibited by Prof. F. Guthbie, F.R.S. 



BABOaBAPHS-MEBOUBIAL. 



48. Milne^S Barograph. — This consists of a siphon tube of large diameter ; on 

the mercury in the short leg floats a glass weight attached to a silk 
cord, the other end of which is connected to the top of an arched head 
on the short arm of a lever beam. The long arm of the beam is twice 
the length of the short arm, and has an arched head from which a 
piece of watch chain descends, and is attached to a marker, which 
counterpoises the float. At each hour the clock sets free a hammer, 
which causes the point of the marker to impress a dot upon the paper 
fixed to a wooden slab, moved by clockwork. 

Exhibited by the Meteorological Council. 

49. Improved Hilne*S Barograpb, on which the paper is carried on a cvlinder. 

(Fig. 11.) Exhibited by Messrs. Negbetti and Zambra. 

60. Bedier's Barograph.^Two forms of this instrument, large and small, are 
shown. (See Quarterly Journal Met Soe, Vol. II. p. 412.) (Figs. 12 
and 13.) Exhibited by Messrs. Lund and Blockley. 

51 . Self-Becording Mercurial Barometer. This consists of a siphon barometer, 
a float resting on the mercury in the short leg, the variations of which 
are recorded on a revolving cylinder. (Fig. 14.) 

Exhibited by Messrs. RiCHASD Fn^ES. 
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ANEROIDS. 



52. Skeleton AneroicL showing the varioas working parts. (Fig. 15^ 

ExhibUed by L. P. Casblla, F.R.M6t.Soc. 

6S. Aneroid^ with Altitude Scale. 

Exhibited by Messrs. Neqbetti and Zambba. 

54. Aneroid (OompenBated) with enlarged altitude scale. 

ExkSbittd by L. P. Casella, F.R.MetSoc. 

55. Negretti and Zambia's Pocket Watch Aneroid. — ^This instrument, which 

is the size of an ordinary watch, indicates heights to 20,000 feet. (Fig. 
16.) Exhibited by Messrs. Nbobetti and Zambba. 

56. Aneroidi by Dent. — A specimen of the aneroids supplied to B.M. ships 

previous to 1854. It has never been repaired. 

Exhibited by the Meteobological Council. 

57. Aneroidi by Negretti and Zambra, compensated. The pattern as supplied to 

H.M. ships. ExhibUed by the Meteobological Council. 

58. Stanley^B Surveying Aneroid. — This is an ordinary aneroid with altitude 

scale. The index is read upon the same plane as the divided circle, by a 
line, which is placed upon a small aluminium plate at the end of the 
index hand. The instrument has a magnifier, carried by a ring so as 
to be brought over the index at any position. (Fig. 17.) 

Exhibited by W. F. Stanley, F.R.Met.Soc. 

59. Field's Engineering Aneroid. — In this instrument the scale of altitudes is 

movable, but instead of being shifted at pleasure, according to the posi- 
tion of the index, it is moved into certain fixed positions according to 
the temperature of the air, so that the shiftine of the scale answers the 
same purpose as if the original scale were dtered to suit the various 
temperatures of the air. The outer movable scale is graduated in feet 
for altitudes, and the graduation is laid down by fixing the zero opposite 
31*0 ins. This is the normal position of the scale, and it is correct for 
a temperature of 50°. For temperatures below 50** the zero of the 
scale IS moved below 31*0 ins.; and for temperatures above 50° it is 
moved above 31*0 ins. In order to insure the altitude scale not being 
shifted after it has once been set in its proper position there is a 
contrivance for locking it in the various positions. The dtitudes are in 
ail cases determined by taking two reaaings, one at each station, and 
then subtracting the reading at the lower station from that of the upper. 
(Quarterly Journal Met, Soc. Vol. II. p. 10.) (Fig. 18.) 

Exhibited by L. P. Casella, F.R.Met.Soc. 

60. Richard's Self-recording Aneroid.*— This instrument consists of a series of 

eight vacuum boxes, by which the effects of the atmospheric pressure 
are increased and transmitted by a system of levers to an arm carrying 
a pen. This pen, of a special form, contains an ink mixed wiw 
glycerine, and marks the curve of atmospheric pressure on the paper 
round the cylinder. The cylinder revolves once in seven days, so that 
the paper contains a week's record. (Fig. 19.) 

Exhibited by Messrs. Richabd Fb^bes. 

61. Self'registering Aneroid, with max. and min. indexes. 

Exhibited by L. P. Casella, F.R.MetSoc. 

62. Barometer Dial 6 ft. in diameteri the hand of which is kept in its true 

position by a single aneroid vacuum box. 

Exhibited by Messrs. LuND AMD Bloc&ley. 
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METALLIC, AND OTHER FORMS OF BAROMETER. 



63. Bourdon's Recording Barometer. In this instrument the drum turning in 

eight days is supplied with a continuous band of paper, serving for six 
months or a year. JExhibited hy Messrs. Richard FRisBES. 

64. Bonrdon'B Metallic Barometer. 

Exhibited hy Capt. E. H. Vbrney, M.P., P.R.MetSoc. 

65. Oetti's Olyoerine Barometer. Exhibited by E. Cbtti. 

66. Jordan's Qlycerine Barometer. The cistern and upper part of the tube only 

are shown, as the instrument when complete would be about 30 ft. in 
height. Exhibited by Messrs. W. Callaohan & Go. 

67. Stanley's Chrono-Barometer. The chrono-barometer is a clock that counts 

the oscillations of a pendulum formed by a suspended barometer. The 
upper chamber of the pendulum is a cylinder of an inch or more in 
diameter. By change of atmospheric pressure the mercury in the pen- 
dulum is displaced &om the bottom to the top, and vice versa. The 
rate of the clock is accelerated or retarded in proportion to the displace- 
ment of the mercury. (Quarterly Journal Met. Soc. Vol. III. p. 352.) 
(Fig. 20.) Exhibited by W. F. Stanley, F.R.Met.Soc. 

68. Sympiesometer, by Adie of Edinburgh, 1830. 

Exhibited by R. J. Lecky, F.R.Met.Soc. 

69. Sympiesometeri by W. Harris & Co., London. 

Exhibited by the Kew Committee. 

70. Sympiesometer. (Fig. 21.) Exhibited by Messrs. Neqretti & Zambra. 

71. New Form of Sjrmpiesometer.-— In this instrument the reading is obtained 

b}r merely bringing the two liquid columns into level (by turning the 
milled head at side), when the reading is at once shown dy the arrow 
point, and the observation remains recorded. The observer has nothing 
whatever to do with any compensation for temperature. In the old form 
of Sympiesometer four operations were necessary in taking a reading : — 
1st, to read the thermometer ; 2nd, to set the sliding scale to corres- 
pond ; 3rd, to read the barometer scale ; and 4th, to record the obser- 
vation on the disc. In this instrument but one operation is necessary, 
and that of the simplest nature and self-recording. In the Sympieso- 
meter there are four scales, including the recorder. In this instrument 
there is but one scale. A rise orfallis seen at a glance by the mercury 
standing higher or lower than the liquid in the other tube. The com- 
pensation is effected by the fact that the air-bulb is so proportioned 
that the rise and fall of the barometer and thermometer are exactly 
equal for changes of temperature. Any difference of level between 
them, therefore, is due to a change in barometric pressure. 

Exhibited by L. P. Casella, F.R.Met.Soc. 

72. Hicks's Flexible Barometer. (Fig. 22.) 

Exhibited by J. J. Hicks, F.R.Met.Soc. 

73. Lowne's Handy Weather QlasSi indicating both pressure and temperature. 

Exhibited by the Meteorological Council. 

74. Bonketti's Thermo-Barometer. 

Exhibited by the Meteorological Council. 

75. Diiferential Barometer. — This consists of a tube with fine bore, at one 

end of which is cemented a thin corrugated metal chamber, at the other 
end is a glass bulb. The metal chamber is filled with a coloured fluid, 
which is pressed upwards in the tube as the weight of the air increases ; 
the upper or glass bulb is hermetically sealed, and corrects the effect of 
temperature. There is an a^ustment by which it may be set to agree 
with a standard barometer. The instrument is portable in anv posi- 
tion. Exhibited ^ B. H. C. Wilson. 
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HISOELLANEOUS. 



76. Empty Tnbe of Marine Barometer, to show the contraction designed to 

a^oid pumping, with pipette to check the ascent of air in the vacaura. 

Exhibiied by the Kew Committee. 

77. Empty Barometer Tubes; — Standard, Siphon, Marine, and Marine packed 

with india-rubber tubing. Exhibited by the Meteorological Council. 

78. Walli8*8 Barometer Acynnct. — This instrument was designed to overcome 

a difficulty which many observers experience, in accurately adjusting 
the mercury to the ivory point in the cistern of a Fortin barometer. It 
consists of a small microscope which clamps to the cistern. O^ig. 23.) 

Exhibited by L. P. Casella, F.R.Met.Soc. 



INSTBUHENTS NEW, OB NOT FBEVIOUSLT BXHIBrFED. 



79. Pocket Avitreons Thermometer. — ^This is a watch-shaped instrument, and 

about the size of a small locket. The index hand is actuated b^ the 
expansion and contraction of a very small Bourdon tube filled with a 
hishly expansive liquid, and hermetically sealed, the motion of the 
tube being multiplied by an ordinary rack and pinion. 

Exhibited by M. Immisch. 

80. Jordan's Improved Photographic Sunshine Becorder.— This instrument 

consists of a cylindrical box, on the inside of which is placed a pre- 
pared slip of photographic paper. Sunlight being admitted into this 
chamber by two small apertures, is received on sensitised paper, and 
travelling over it by reason of the earth^s rotation, leaves a distinct 
trace of chemical action. Quarterly Journal Roy. Met. Soc. Vol. XII. 
p. 22. Exhibited by J. B. Jordan. 

81. Two Small Anemometer&^One Bobinson's pattern, modified by Mr. H. C. 

Russell, of Sydney Observatory ; and the other Hagemann*s modified by 
Mr. R. J. L. Ellery, F.R.S. Melbourne Observatory. 

Exhibited by Capt. D. W. Barker, F.R.Met.Soc. 

82. New Form of Anemometer* — ^This instrument consists of an axle driven 

by a small pair of windmill sails. The pitch at which the sails are 
inclined to the wind is altered automatically, so that any increase in the 
friction of the instrument is followed by a change in the pitch of the 
sails instead of by a decrease of velocity. No constant has to be 
determined, the rate of the instrument depending entirely on the shape 
of the piece of metal attached to the front of the axis, which may be 
formed so as to give an3r required number of revolutions per mile. The 
number of revolutions is counted by a registering dial, which may be 
connected with the vertical axis of the instrument bv a flexible wire of 
any convenient length. In the instrument exhibited this vertical axis 
rotates ten times for each mOe. 

Exhibited by W. H. Dines, B.A., F.R.Met.Soc. 

83. Hand Anemometer by Hicks, devised by F. Galton, F.R.S. 

Exhibited by the Meteorolooical Council. 

84. Fineman^B Nephosoope. Exhibited by the Meteorological Council. 

85. aalton*8 NephOBCOpe* Exhibited by the METEOROLOGICAL COUNCIL. 

86. Straohey's Nephoeoope. Exhibited by the Meteorological Council. 

87. Hygrodeiki by Edson, of Boston, U.S.A. This consists of a dry and wet 

bulb thermometer, to each of which is affixed an adjustable index con- 
nected with a pointer for showing the amount of humidity on a chart 

Exhibited bif C. Bakqr, 
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DUG&AHB, FHOTOaSAFHB, Aa 



88. Drawings of yarions forms of Old Baiometen^ including those of Torri- 

celli, Stnrmins, and Hnyghens. ' 

Exhibited hy the Royal Meteobological Society. 

89. Barometor with OVerfUlj conBtmcted for Lavoisier. (Photograph.)* 

Exhibited hy G. J. Syhons, F.R.S. 

90. Kmeger's Compensated Barometer. — The upper part of the tube is 

enlarged to a retort, the volume of which corresponds to a length of one 
or two metres of the tube. A quantity of air is mtroduced into the tube, 
the pressure of which is equal to about 34*5 mm. mercury. The scale 
is divided with due regard to the effect of that denression. The zero 
having been adjusted by comparison with a stanaard barometer, the 
reading will immediately give the height reduced to normal temperature 
of mercury and scale. (Photograph.) 

Exhibited hy G. J. Symons, F JELS. 

91. Barometer of a New System of Constmetion, by W. Gionkhofi; St. 

Petersburg. (Photograph.) Exhibited by G. J. Symons, FJLS. 

92. Christensen's Electric Storm Signal Barometer. This instrument is 

constructed in order to give notice of any rapid fall of the barometer. 
It is a siphon barometer, and as the mercury rises in the short leg of 
the tube, it comes in contact with an adjustable metallic point, and by 
completing an electric circuit sets an electric bell ringing. (Specification.) 
Exhibited by the Royal Meteobological Society. 

93. Ohangeax's Barograph. Description and sketch, 1781. 

Exhibited by the Royal Meteobological Society. 

94. Jordan's Photographic Barograph. The scale of the barometer is per- 

forated as usual to admit a portion of the tube, and the prepared paper 
is made to revolve as close as possible to the glass, in order to obtain a 
well-defined image. The cylinder is made to revolve on its axis once 
in forty-eight hours, and the paper is divided into forty-eight parts by 
vertical lines, which are figured in correspondence with the hour at 
which they respectively arrive at the barometer tube. (Report of the 
Royal Cornwall Polytechnic Society^ 1838.) (Sketch.) 

Exhibited by the Royal Meteobological Society. 

95. Brooke's Photographic Barograph. The barometer is a large siphon tube, 

the bore of the upper and lower extremities being about 1*1 in. A 
glass float is partly supported by a counterpoise acting on a light lever, 
leaving a definite part of its weight to be supportea by the mercury. 
The lever carries at its other end a vertical plate of opaque mica, having 
a small aperture, whose distance from the fulcrum is about eight times 
that of the point of connection with the float, and whose vertical move- 
ment is therefore about four times that ot the ordinary barometric 
column. The light of a gas lamp, passing through the aperture and 
falling on a cylindrical lens, forms a spot of light on the photographic 
paper wrapped round a cvlinder placea vertically, and moved rouna its 
axis by a clock fixed with its face horizontal. (Photograph.) 

Exhibited by G. J. Symons, F.R.S. 

96. Ronald's Photographic Barograph. Description and sketch of Ronald's 

photographic self-registering meteorological instruments. {Phihaophiedl 
Transactions, 1847.) Exhibited by G. J. Symons, F.R.S. 

97. Eew PhotO|nraphic Barograph. (Sketch.) (See Report of the Meteoro- 

logical Qmmittee to the Royal Society, 1867.) 

Exhibited by the Meteorological Coxmciu 
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93* Sing's Barograph.*— The barometer tube is 3 ins. in internal diameter and, 
guided b^ friction wheels, floats freely in a fixed cistern. The top of 
the tabe is fastened to a chain, which passes over a grooved wheel turn- 
ing on finely adjusted friction rollers. The other end of the chain 
supports a frame, which carries the recording pencil. The frame is 
suitably weighted and guided, and faces the cylinder around which is 
wrapped the tracing paper, and which rotates once in twenty-four hours 
by the movement of a clock. The instrument is so arranged that for 
1 in. change in the mercurial column the pencil is moved over 5 ins. of 
the paper. (Large Drawing.) 

Exhibited hy L. P. Casella, F.R.Met.Soc. 

99. Kroil'S Barograph. — ^This instrument was employed at the Eew Observa- 
tory in 1845 for the purpose of registering automatically the height of 
the barometer. It consists of a siphon barometer, having a float resting 
upon the surface of the mercury in the open end of the tube. Im- 
mediately above the tube a lever is fiied horizontally, and a cord, 
wrapped round the sector on the short arm, passes down and is at- 
tached to the float. The other end of the lever carries an ordinary 
pencil, which, being struck every five minutes by a hammer moved by 
a clock, makes a dot upon a sheet of paper fixed to a frame drawn in 
firont of it by clockwork. (Photograph.) 

Exhibited by G. J. Symons, P.R.S. 

100. TheorelI*S Meteorograph. — Account and Sketch of TheorelFs Printing 

Meteorograph. {Nova Acta Reg. 8oo. Upsala, 1868.) 

Exhibited by G. J. Symons, F.R.S. 

101. Bnssell's Electrical Barograph. — ^The barometer tube is fixed, but the 

cistern (which is a small one) floats in a vessel of mercury. The pen 
is attached to a rectangular framework, which is drawn backwards and 
forwards once a minute in front of the paper. On electrical contact 
being made between a lever attached to the cistern and the side of a 
wire triangle attached to the pen frame, the pen is pressed against the 
paper, and thus the record is made. (Diagram.) 

Exhibited by the Royal METEOBOLoaiCAL Society. 

102. Van Byaaelberghe'B Meteorograph. — ^This instrument engraves automatic- 

ally on metal the ordinates of the meteorographical curves, thus furnish- 
ing a plate graduated by the instrument itself, from which as many 
copies as required may be struck off. A single burin, put in motion 
bv an electro-magnet, engraves successively on one metallic plate the 
elements of all the curves. The indicating instruments may be at any 
distance from the registering apparatus. (Sketch.) 

Exhibited by the Royal Meteorological Society. 

103. Draper^B Barograph. — ^In this instrument the tube is 36 ins. in length, the 

upper portion being of larger diameter than the lower ; it is held firmly 
in a fixed position, and filled with mercury ; its lower open end dips 
into a reservoir containing the same metal. This reservoir is suspended 
on two spiral steel springs, and has freedom of motion up and down. 
When the pressure of the atmosphere diminishes, a portion of the 
mercury flows out of the tube into the reservoir ; this becoming heavier, 
stretches the steel springs, causing the ink pencil fastened to them to 
mark downwards. If the pressure increases, the reverse movement 
takes place. The ink pencil makes its mark on a ruled paper register, 
carriea at the rate of half an inch per hour from right to left by a clock. 
There is a third steel spring of the same length and strength as those 
on the reservoir, stretched by a weight to a distance equivalent to 30 ins. 
on the barometer scale. The object of this spring is to give the 
correction for temperature for those sustainine the reservoir. (Sketch.) 
Exhibited by the Royal Meteorological Society. 

104. Baymond'B Amateor'a Barograph.— Illustration and description in La 

Nati^re, December 19th, 1885. Exhibited by the Kew Cokmittee. 
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105. Boyal Society Water Barometer. — Description and illustration of the 

water barometer erected in the Hall of the Royal Society, Somerset 
House, 1830, by Prof . J. F. Daniell, P.R.S. (^Philosophical Transac 
tions, 1832.) Exhibited by the Royal Meteorological Society. 

106. Bird'B Water Barometer. — ^Account and sketch of the water barometer 

constructed and erected by A. Bird of Birmingham. (Philoeophtcal 
Magazine, 1865.) Exhibited by G. J. Symons, F.R.S. 

107. Eew Standard Barometer. — Account of the construction of a standard 

barometer, and description of the apparatus and processes employed in 
the verification of barometers at tne Eew Observatory, by J. Welsh. 
(Philosophical Traneaetiom^ 1856.) Exhibited by the Eew Committee. 

108. Loeeby's Hanry Barometer.— This instrument is much like an ordinary 

aneroid in appearance, and contains a vacuum box of similar construc- 
tion. The rise and fall of the box is measured by a line micrometer 
screw, which is turned by the observer, either through an aperture in 
the glass, or by a milled head in the pendant of the case. This micro- 
meter screw is placed immediately over a steel stud, which is attached 
to the centre of the vacuum box, and projects above it. ] between this 
stud and the end of the micrometer screw a pivoted drop-piece is placed, 
which falls the instant the screw is unturned sufficiently to remove the 
bearins points of the screw, stud, and drop-piece out of contact with 
each other. The drop -piece is pivoted by a screw into a frame attached 
to the top of the vacuum box, and is made to fall either by its own 
gravity or by a suitable spring, and an i^erture is left in the dial to 
enable its fall to be seen. The divisions on the dial are continued 
round in a spiral. The hand, which is fixed to the micrometer screw, and 
turns round with it, extends across iJl the divisions ; and a small index 
dial, visible through an aperture in the large one, indicates to which spiral 
the hand is pointing. All three figures on the small dial are shown 
at once, to avoid the difficulty, which sometimes arises with a small 
opening, of having only the unintelligible parts of two figures visible. 
The figure nearest the middle is the one tnat should be read. (Illus- 
tration and Photograph.) 

Exhibited by the ROYAL METEOROLOGICAL SOCIETY. 

109. Bonrdon*B Counterpoised Barometer.— (Photograph.) 

Exhibited by Gr. J. Symons, F.R.S. 

110. Aneroidi on Weilenmann Syatem, by Groldschmid, of Zurich. (Photograph.) 

Exhibited by G. J. Symoms, F.R.S. 

111. Barogram from Bc^al Observatory, Qreenwioh, for May 13th and I4th, 

1883. Exhibited by the Astronomer Royal. 

112. Barograma firom the Eew and Falmouth ObservatorleB, January isth, 

1886, showing sudden oscillation during the passage of a squall. 

Exhibited by the Meteorological Council. 

113. Corves firom a Biohard Barograph from March 12th, 1885, to March 15th, 

1886, mounted in album. Exhibited by F. C. Bayard, F.R.Met.Soc. 

114. Onrvee from a Biohard Barographi showing instances of upward move of 

curve immediately before squalls and heavy rain at Bedford, May 11th, 
1886, to February 8th, 1886. 

Exhibited by Lieut.-Col. C. E. Brooke, F.R.Met.Soc. 

115. Curve from Whitehooae's Hioro-Barograph.— May 8th and October 1st, 

1871. (See Proceedings of the Royal Sodefy, Vol. XIX. p. 491.) 

Exhibited by the Meteorological Council. 

116. Primroae's Electric Meteorological Scale Reader. This is an instru- 

ment to transmit by one wire, continuously or at intervals as desired, 
readings of a distant instrument It is intended to register from moun- 
tain tops or captive balloons. (Diagram.) 

Exhibited by G. R. Primrose. 
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117. Latham^S Earth Hygrometer. — Thi^ records the hygrometric condition of 

ground as compared with the air. It consists of three perforated 
cylinders, each filled with earth, one being immediately below the surface 
of the ground, the second one foot below it, and the third suspended 
in the air. Each of the earth cylinders is suspended from the end of a 
lever. On the opposite side of each lever there is a counterweight. 
Each cylinder acts independently, and records its observations upon a 
cylinder driven by clockwork. There is also an index upon each machine 
which shows at a glance the percentage of moisture which the earth iu 
the cylinders contains. QDrawing.) 

Exhibited by BALDWIN Latham, P.R.Met.Soc. 

118. Five years' Qraphio Record of Sunshine, 1881-5, taken with Stokes' 

zodiacal sunshine recorder, at Mr. D^rmond's Observatory, Aspley Guise, 
Bedfordshire, showing the comparative monthly duration of sunshine 
year by year. Exhibited by R. J. Lecky, F.R.Met.Soc. 

119. The Chromatics of the Sky. — Coloured drawings of clouds and other 

atmospheric phenomena taken from natm*e, 1885-1886, with the object 
of assisting in making weather forecasts. (Fourth series.) 

Exhibited by J. S. Dyason, F.R.Met.Soc. 

120. Photogn^aph of a Son Spot and adjacent portion of the solar surface, taken 

by Mons. Janssen, at the Meudon Observatory, June 22nd, 1885. 

Exhibited by R. H. Scott, F.R.S. 

WILLIAM ELLIS, F.R.A.S., President. 

G. J. SYMONS, F.R.S. ) « _ , . 
JOHN W. TRIPE, M.D. | ^^^ff^ries. 

WILLIAM MARRIOTT, Amstant Secretary. 



PROCEEDINGS AT THE MEETINGS OF THE SOCIETY. 

March 17th, 1886. 

Ordinary Meeting. 

William Ellis, F.R.A.S., President, in the Chair. 

William Bering Addison, Riga, Russia ; 

Arthur William Clayden, M.A., F.G.S., Bath College, Bath ; 

Thomas Barrington Moody, Navigating-Lieut. R.N., Waverley, Westcombe 

Park, Blackheath, S.E. ; and 
Dr. William Schlich, Inspector-General of Forests to the Government of 
India, Cooper's Hill College, Staines ; 
were balloted tor and duly elected Fellows of the Society. 

The following Paper was read, viz. :— 

" Brief Historical Account op the Barometer." By William Ellis, 
F.R.A.S., President, (p. 131.) 

On tlie motion of Mr. Eaton, seconded by Mr. Laughton, the thanks of the 
Society were given to the President for his Paper. 

On the motion of Dr. Marcet, seconded by. Mr. Chatterton, the thanks of 
the Society were given to the Exhibitors for the loan of their Instruments. 

The Meeting was then adjourned in order to afford the Fellows an opportunity 
of examining the Exhibition of Barometers which was held in the Library of the 
Institution of Civil Engineers. The List of Exhibits will be found on p. 200. 

NSW BSmES. — ^VOL, XU. P 
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April 21st, 1886. 

Ordinary Meeting. 

William Ellis, F.R.A.S., President, in the Chair. 

Lawrence Joseph Petre, Coptfold Hall, Innatestone, Essex ; and 
George Baynes Wetherall, The Aucnbas, St. George*s Square, Worcester ; 
were balloted for and duly elected Fellows of the Society. 

The following Papers were read : — 

" Note on the Probability op Weather Sequence." By Lieut.-Col. 
C. K. Brooke, P.R.Met.Soc (p. 172.) 

" Account of the Cyclone op June 3rd, 1886, in the Arabian Sea.* By 
Capt. Maurice T. Moss. (p. 174.) 

*< Results op Solar Rablation Observations in the neighbourhood of 
Birmingham, 1876-1884." By Rupert T. Smith, F.R.Met Soc, M.In8t.C.E. 
(p. 180.) 

" The Climate of Killarney." By the Ven. Archdeacon Wynne, M.A., 
F.R.Met.Soc. (p. 193.) 

*' Results of Meteorological Observations made in Selangor, Malay 
States, 1879-1884." By A. W. Sinclair, L.R.C.P. (p. 197.) 



CORRESPONDENCE AND NOTES. 
Meteorology of the Straits Settlements. 

1)r. T. I, RowELL, in his Meteorological Report for the year 1886, gives the 
results of the observations taken at Singapore, Penang, Province Wellesley and 
Malacca. These, together with the results from Singapore from 187i) to 1885, 
furnish valuable and interesting data for the Straits Settlements. 
The following are the mean results for 1886 : — 



Station. 



Kampong Kerban 
Obey, Singapore . . 

Penang 

Province Wellesley 



1^ 



ms. 
29-889 
•972 

•833 
29*860 



Temperature. 



87-2 
89-3 



817 



7»*3 

^ , 74-8 j 8*7 
91-41 72-5 835 

88-7 73-9' 8^-3 



J 

w I 



I 



92*0 B(ay 24 

96*5 June 14 
98*0 Jan. 9 
96-0 Jun e 18 



70-0 
65-5 






63-4 Feb. 10 



Jan. 10 
Feb. 28 



69*0 Jan. 15 






71-01 

107-15 
9699 
71-03 



1 The height of the barometer aboTO soa^erel is not •tatod. 

> Those are the means of ob.serrations at 9 a.m., 3 p.m., and 9 p.m. 

The total number of rainfall stations in the Straits is twenty-nine. The 
following arc the totals for the year 1885 from such stations as furnish complete 
returns : — 
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Singapore. Province Wellesley. 

P. & 0. Co/s Wharf ... 

General Hospital 

Kandang Kcrbau Hospital 

Scrangooiig Road 

Thompson Road 

Tanglin 

St. John^s Island 

Penang. 

Fort Comwallis 

Central Prison 

Government Hill 

The following are the mean results from Singapore, 1870-85 :^ 



ins. 
64-51 


Butterwortli 


106. 

... 114-52 


80-55 


Bertram 


... 87-94 


71-01 


Bukit Minvak ... 
Sungci Bakup ... 


... 96-99 


6610 


... 118-81 


6175 


Pulau Jerajali ... 


... 11219 


67-43 


Malacca. 




59-91 


Town 


... 77-74 




Diirian Dahun ... 


... 71-03 


86-87 
107-15 
138-41 


Kesang , 


... 54-37 







Year. 


Barometer (re- 
daoed to 31°) 


Tempersttue. 


Hainlkll. 


No. of Bainy 
Days. 




ins. 





ins. 




1870 


ag-So* 


80-7 


123-24 


209 


1871 


■836 


808 


109-45 


195 


1872 


•82+ 


81-5 


75*30 


161 


1873 


•8.9 


81-3 


8560 


166 


1874 


•879 


807 


87-05 


178 


1875 


•884 


8ro 


93-96 


166 


1876 


•88s 


81-1 


89-91 


163 


1877 


•903 


8ri 


58-37 


119 


1878 


•864 


8a-o 


iori6 
11614 


170 


1879 


•857 


8o-5 


181 


1880 


•863 


8ro 


1 1 1-08 


189 


1881 


•874 


8i*6 


K 


144 


i88a 


•863 


817 


158 


1883 


•878 


813 


i:::t 


141 


1884 


•890 


8ri 


146 


,885 


19-889 


8«7.. 


67-32 


134 



Mr. H. T. BuBi^y F.R.Met.Soc.. of Sarawak, has forwarded the following data 
for Kntching, which he has copied from Papers and Records kept by the Sarawak 
Treasurer. 



Teupebatubb at Eutohino 1876-1878. 



Month. 



January^ , 
Febniazy . 
March.. .. , 

April 

May 

Jane . . • . , 

July 

August .. 
September 
October ... 
NoTember 
December 



Year. 



1876. 



Max. Min. 



86 
86 
90 

9» 

9o«5 

89 

89 

89 

89 

87 
88 



1877. 



Max. Min. 



69 


86 


71 


87 


71 


^2 


73 


88 


74 


91 


73-5 


90 


7» 


9* 


73 


93 


71 


11 


73 


72 


90 


70 


89 



7a 
69 
72 
72 

73 
73 
7* 
71 
69 
70 
71 
7* 



88-8 720 897 71-3 88-9 72-8 



1878. 



Max. Min, 



88 
86 
89 
89 

|9 
89 

88 

89 
90 

90 
90 
90 



73 
74 
71 
71 
74 
74 
74 
73 
73 
7* 
71 
74 



I Xa Janiiary 1878 ihf mttju apply only for tite perio4 from the 1^ to 90Uu 
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Baiotall at EuTOBiNa 1876-1879. 



Month. 



Jannaryi • 
Febroaiy . 
March • • • 
April . • . • . 

May 

June • • • • • 

July 

August . . • 
September . 
October ... 
Noyember . 
December , 



1876. 






ms. 

16-53? 
38-15 

577 

3.90 

697 

563 

6-o6 

i6-i8 

3-65 

i5'45 

15-53 

25-91 



1877. 



4 



d 



Year '5973? 193? 158-21 '199 177-48 



i+? 
16 
12 
10 

14 
II 
18 
10 

24- 

23 

27 



ins. 

38-85 

21-66 

17-23 

11-13 

1315 

9-66 

7-40 

0-66 

7*57 

4-88 

12-32 

13-70 



1878. 



I 



2593 

26*46 

25-11 

582 

6-22 

12-56 

12-87 

11-75 

11-05 

6-95 

18-09 

1467 



1879. 



o 



-I" 

d 



ins. 

34*39 

20-28 

23-85 

11*14 

11-72 

6-70 

7-32 

14*93 

542 

X7-01 

13*31 

22*21 



188*28 



»5i 



1 In January 1876 the rainfi&ll is only for the 16 days 15th to SOth. 

In February 1876 15*20 ins., and in January 1878 9-12 ins. of rain fell on one 
day. 



The Tornado in Madrid on Mat 12th, 1886. 
Stanley, F.R.Met.Soc., F.G.S. 



Communicated by W. F. 



On the evening of May 12th a most violent and destructive tornado swept over 
Madrid, causing great loss of life and destruction of property. The fofiowing 
account has been compiled chiefly from a Paper by Mons. A, F. Nogu^s in La 
Nature of June 5th. 

From the evening of the 10th to the 12th the sky of Madrid was covered with 
a slight kind of fog or transparent cloud of a reddish colour, through which the 
stars shone. On the horizon there was a band of cloud of a sombre tint. The 
temperature was hot, even to suffocation. At last a very remarkable phenomenon 
was observed by many persons. Through the fog, at an altitude of about 3,000 
feet, an immense spiral was seen, illuminated by the sun, formed by a mass of 
air in motion drawing cloud particles into its vortex. 

At the commencement of the storm the clouds drifted from the South and 
South-west ; the vane, however, which at first indicated South-east, turned to 
North-north-east ; and during a great part of the storm it stood at due North. 
The lower currents were therefore evidently moving in a contrary direction to 
the upper currents. During the afternoon the sky assumed a stormy appearance ; 
and at 6.25 p.m. a thunderstorm occurred accompanied with torrential rain and 
hail At 6.50 p.m. the wind backed to North-west and then to West, and a little 
before 7 p.m. to South-west. The wind increased in force in proportion to the 
rapidity of the change in direction, and culminated in a whirlwind which attained 
its greatest intensity between 7.1 and 7.6 p.m., during which time its violence 
sm-passed anything that had ever occurred before in Madrid. In this short 
space of time the destruction of property was immense. 

The barometer, which had fallen from 29-64 ins. at 1 p.m. to 29*35 ins. at 6 p.m., 
oscillated in a violent manner. In two instances the sudden depressions were 
almost instantaneous. At 6.30 p.m. a torrential rain deluged the streets, which 
with the lightning, thunder and hail, rendered the scene frightful. Buildings 
were thrown down or destroyed, the public lamps were broken 0^ trees were 
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torn up and shattered, and large and heavy objects were transported to great 
distances by the violence of the wind. lUilway carriages, tram cars, and large 
mole carts were upset, and people knocked down in the streets. 

The storm was repeated with less violence at 8 and 11 p.m. From an exami- 
nation of the ruins, the direction of the tornado could be easily traced. The 
point of greatest intensity was between the Atocha gate and the Retiro Gardens, 
for in this space the Botanical Garden has almost entirely disappeared, whereas 
in the Rue de Tragineros but few trees were uprooted. The destructive effect of 
the tornado appeared to cease at the Cybdle fountain. 

The damage was very great, twenty-four persons were killed, seventy-eight 
seriously, and 104 slightly injured. Aoout fifty-four houses were destroyed, and 
1,000 trees and 600 lamps thirown down. 



The METEOBOLoaT of the Sun and its System. By Professor E, W. Zengeb. 
Memoir of 281 pp. 4to., with 5 Cuts and 4 Plates. Brief Notice pre- 
pared at the request of the President and Conncil of the Royal Meteo- 
rological Society, by G. M. Whipple, B.Sc, F.R.Met.Soc. 

The author fitted an apparatus to a With-Browning reflector telescope, which 
enabled him to take pictures of the sun. He soon found that, in spite of 
all his precautions, certain white objects appeared on his plate surrounding 
the son's disc. These he at first attributed to photographic irradiation. 
This cause, however, would produce a concentric ring round the disc, an 
appearance which these objects never possessed. 

The white rings were often decidedly elliptic in form, or appeared projected 
as streaks out from the periphery of the sun's image. The more the mirror 
aperture was reduced the more ill-defined and misty the margins of these 
rings became. Their colour varied from a greyish-white to snow-white. 
Prof. Zenger thought they might perhaps be the most luminous parts of the 
chromosphere and solar corona, showing themselves as whitish rings in spite 
of the under-exposure of the plates in the order of their relative luminous 
intensity. 

With the view of proving that these appearances were not due to instru- 
mental defects, Prof. Zenger employed various systems of lenses and apparatus. 
He found eventually that a system of Steinheil's lenses gave not only sharper 
pictures of the rings, but also afforded a mass of detail in them, in which 
might be recognised spiral forms of various gradations of tint from grey to 
dazzling white. These observations were first made during an exceptionally 
severe storm on March 5th, 1875, when the elliptical rings appeared of a 
brilliant white colour, although the sky was at the time perfectly clear and 
but a single little cloud moved rapidly across it. 

These appearances were again observed the same day, the rings being 
similarly shaped, although a different apparatus was employed. There seemed 
then no doubt that these circular or elliptical white rings were not to be 
attributed to under-exposure of faintly luminous parts of the solar sur- 
roundings, the chromosphere or the corona, but resulted from the powerful 
absorption of actinic rays in the vicinity of the sun's image. These expanded 
white rings, which oftea extended to five tim^s the diameter of the solar 
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image, were termed by the anihor ''absorpiion zones/* and were considered 
by him to have their origin in the immediate neighbourhood of the snn. 

With a view of rendering the collodion he employed in the photography 
equally sensitive to actinic and non-actinic rays, to the yellow and red of the 
chromosphere and the yellow-green rays of the corona, the author employed 
chlorophyll in his emulsion, which was prepared by Cooper's process. 

Having given in detail the methods of preparing, exposing and developing 
his plates, Prof. Zenger goes on to state that he always takes five sun pictures 
every day on one plate— one central, the others one in each comer. In this 
manner he considers he proves that the white spots are not solar phenomena, 
and arrives at the following conclusions : — 

1. That pictures taken only at intervals of one minute show changes in 
the figure and position of the absorption zones, although there is a corres- 
ponding maintenance of their general forms. 

2. After the fifth exposure, or even if an interval of five minutes is allowed 
to lapse between them, these appearances often become entirely modified in 
form, e.g, instead of circular or elliptic they become streaked or even reversed, 
at other times they partially or entirely disappear. 

8. These absorption zones often extend to the margin of, or even over, the 
son's disc itself, so that instead of it coming out wholly or partially black in 
the picture, it looks grey or whitish-grey. 

Prof. Zenger has also discovered that the maximum of evolution of these 
absorption phenomena has a period throughout the whole year of from 10 
to 18 days, and they are strongest when violent storms, thunderstorms or 
magnetic disturbances prevail on the earth, frequently being observed 24 or 
more hours before the disturbance of the atmospheric, electrical or magnetic 
equilibrium of the place of observation takes place. 

The author states that the observations, which have now been made daily 
since 1874, indicate not only a definite periodicity in the appearances of abeorp« 
tion images in the sun's pictures, but the existence of a relation between 
weather phenomena and certain appearances which are invisible both to 
the naked as well as to the assisted eye. By the absorption of the actinie 
active rays previously present in the one atmosphere or external to it, the 
prepared plate renders them visible, although previously neither telescope 
nor spectroscope afforded any indications of their presence. Whether or not 
these appearances have their seat in the earth's atmosphere, or in space 
between the sun and the earth, can only be decided when experiments are 
made simultaneously and regularly at places so far distant from each other 
that the effect of parallax will be visible and measurable. Should the latter 
be the case their origin must be sought in the earth*s atmosphere or in 
space immediately adjacent to it. If otherwise, there must be some source 
of solar influence hitherto unobserved. The author goes on to state that 
the aim of his little work is, therefore, to call the attention of meteorologists 
and physicists to these remarkable appearances and their explanation, and to 
show how by the simplicity of the photographic operations amateurs might 
easily prove by means of heliophotcgraphy both the periodical appearance of 
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these abflorption phenomena as well as their connection with great disturb- 
ances of the earth's atmosphere. 

The Section I. of the paper is entitled On the Results of Heliophoto- 
graphic Observations, 1874-1884, and gives a general review of the various 
phenomena Prof. Zenger has observed, and offers numerous suggestions as 
to the possible causes giving rise to them. 

In Section II. of his work the author discusses (a) the periodicity of solar 
outbreaks and their influence on the planets ; and (b) the solar activity, with 
its corresponding magnetic disturbances and aurora during 1882, compared 
with the evidence afforded by solar photography. 

Section HE. treats of the periodicity of great barometric depressions 
(cyclones, typhoons and storms), leading up to the following conclusions, viz. 
That (1.) all great terrestrial storms have their origin in the sun. (2.) The 
electrical discharges from the solar body into interplanetary space are the 
originating cause of the formation of cyclonic motion in the same ; and (8.) 
These discharges, proceeding more particularly from the equatorial regions 
of the sun, eventually influence the planets, if their dimensions are suffi- 
ciently great, and therefore all the planets are affected in a similar manner to 
the earth by them. 

In Section IV. Prof. Zenger traces the connection between solar distur- 
bance phenomena, and seismological and volcanic effects, whilst in Section Y. 
the dependence of meteoric and star showers upon the rotation period of the 
sun is demonstrated. 

In Section YI. he treats of the meteorology of the earth and its connection 
with the sun*s rotation and the passage of meteorites through space in its 
immediate vicinity, winding up with a strong appeal for the establishment of 
numerous inexpensive helio-photographic observatories. 

Section YII. is entitled, The Meteorology of the Planetary System in general. 
Section Ym. The Meteorology of the Sun's Surface and the endogenous 
Disturbances of the Sun. 

In Section IX. Prof. Zenger discusses the relation between the rotation of 
the sun and the general movement in the solar system ; whilst finally, in 
Section X., he investigates the relation of disturbances in the sun to the dis- 
turbances of the electric and magnetic equilibrium of the earth and of the 
force of gravity, concluding his interesting work of 281 pp. with these words : 
— ** Let me briefly state as a resume of all the foregoing the following con- 
clusions, all meteorological phenomena, all endogenous disturbances, in ad- 
dition to the movements of the solar system, the phenomenon of universal 
gravitation, and all manifestations of electrical and magnetic forces, are to be 
referred back to one single source of power, which has its seat not only in the 
sun but also in the most minute particle of our own enormous solar system 
and the other innumerable solar systems which exist. Its energy acts ac- 
cording to the same universal fundamental law, whose action is evidenced in 
the various forms of electric and magnetic force from which all the remaining 
forms may be easily derived, whether they be sound, light, heat, or the action 
of gravity," 
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[Note. — ^A close examination of the Eew Solar Photographs, taken almost 
daily for more than ten years, has not revealed the presence in]any of them of 
the appearances described by Prof. Zenger. Halo-like forms, due to irradia- 
tion or halation, have been easily produced as an experiment, by over-exposing 
a prepared plate, even when the luminous source was but a candle. These 
are due to the glass plate supporting the sensitive surface ; and it has been 
suggested to Prof. Zenger that he should employ paper or films in his future 
experiments in order to avoid this source of uncertainty in his results. 

G.M.W.] 



RECENT PUBLICATIONS. 

Amebioan] JouBNAL OF SciBNGE, Yol. XXX., December 1886. Svo. 

Contains : — The condensing Hygrometer and the Psychrometer, by H. A. 
Hazen (17 pp.). The author says : — ** It would seem that, if a nearly uniform 
law can be established between the indications of these two instruments, under 
all conditions of temperature, dryness, motion and other conditions of the air, 
certainlv we can depend upon the indications of each by itself at all times. It 
is the oDJect of this paper to indicate a practical method of using these instru- 
ments, to contribute towards the establishment of a law controlling them, and to 
show what accuracy may be attained by either of them.'* 

American Meteobolooioal Joubnal. A Monthly Review of Meteorology, 
Medical Climatology, and Geography. April-June 1886. Yol. 11. 
No. 12,— Vol. m. No. 8. 8vo. 

The original articles are : — The Mountain Meteorological Stations of Europe, 
by A. L. Rotch (19 pp.). The author in these Nos. describes the observatories 
on (1) the Puy de D6me, 4,800 feet above the sea ; ^2) the Pic du Midi de 
Bigorre, 9,380 feet ; and (3) Ben Nevis, 4,407 f eet.— Ooservations on the Sun- 
glow and related phenomena (Part II.), by G. H. Stone (7 pp.). — Local Storms 
in Oregon and Washington, Ig^M. W. Harrington (4 pp.).— The Causes of Anti- 
cydonic Cold in Winter, by W. R. Dewey (8 pp.). The author ^inks that it is 
conclusively shown that cases of abnormal temperature on mountain tops and at 
lower stations in anticyclones can be explained oy the theory brought forward by 
Dr. Hann, that the abnormality is due to an excess of the cooling by radiation 
over the warming by insolation and the compression in a slowly descending mass 
of au-.— " Three Ice-Storms," by F. V. Pike (7 pp.).— Foreign Studies of Thunder- 
storms, by W. M. Davis (18 pp.). — Rain-Gauge Investigations, by E. B. 
Weston (3 pp.). — Thermometer Exposure, by H. A. Hazen (10 pp.). 

Analele Institutului Meteobologic al Romaniei de Stefan C. Hepttes, 
Directoral. 1885. Tom. 1. 4to. 1886. cxxxvm. -f- 867 pp. 
This is the first Vol. of the Analele of the Roumanian Meteorological Institute, 
which was established in July 1883. The present Vol. is divided into three 
parts : — 1. Annual report on the proceedings of the Institute ; 2. Description 
and instructions for the use of meteorological instruments, with numerous 
engravings ; and 3. Meteorological observations made at Bucharest in 1885. 

Annali dell' Ufficio Cemtbale di Mbteobolooia Italiana. Serie II., 
Vol. V. Parts I.-IH., 1888. 4to. 1885. 
Fart I. consists of 937 pp., and contains papers on meteorological and mag- 
netical subjects, among which may be mentioned : — Appendice alia Memona 
* Sulla Distribuzione della Pioggia in Italia,' per Prof. E. Millosevich (134 pp.).— 
Sulla ipsometria barometrica, per Dr. A. Lugli (24 pp.^.— Sulla variazione media 
della tensione del vapore acqueo atmosferico in Italia, secondo la lacitudiue e 
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r altezza, per Dr. A. LugU (30 pp.).--088ervazioni dei temporali raccolte nel 1891 
6 relativo stndio, del Dr. C. Ferrari (S22 pp. and 36 plates). — Soi temporali 
osservati nell' Italia superiore durante r anno 1879, per E. Pini (193 pp. and 15 
plates). 

Part II. (735 pp.) contains the results of observations made at 125 stations in 
Italy during the year 1883. 

Part III. ^7 pp.) in addition to other papers contains the foUowins:— 
Meteorologia Solare, per P. Tacchini (58 pp. ana 2 plates). — ^Distribuzione della 
temperatura e pioggia per decadi nel 1883 (9 pp.). 

Ankuajsb de liA SoonfeT^ MiBT^oBOLoaiQUB DB Fbancoe. 84me Azm^. 1886. 
February-April. 4to. 

The principal papers are : — Experiences relatives aux courants ascendants et 
descenaants de Tatmosphdre, par M. Garrigou-Lagrange (3 pp.). — ^Nouveau 
baromdtre enregistreur a mercure, par A. Redier (3 pp.). — -Hauteurs de pluie 
H Venddme en 35 ans, 1851-1885. — Le cyclone du 3 juin 1885 4 Aden et la perte 
du ^< Renard,*^ par M. Millot (5 pp.). This ia an account of the same storm 
as is described by Capt. M. T. Moss on page 174 of the present No. of the 
Quarterly JoumaC—Bur les tornades, par M. Bellamy (3 pp.). — Observatoire du 
Pic du Midi, M. C. X. Vaussemat (16 pp. and 6 plates). 

AuB DEM Abchiv DEB Deutsohen Seewabte. YII. Jahigang, 1884. 4k)« 
1886. 
In addition to the report on the work of the Deutsche Seewarte for the year 
1884, and other papers, this contains a description of the centrd station at 
Hamburg, by Dr. Neumayer, which is illustratea by 29 plates and several wood- 
cuts. 

BOLETIN DE liA AOADEMIA NaOIONAL DE OlENOIAS EN COBDOBA (Roptiblica 

Argentina), December 1885. Tomo Vm. Entr. 2-8. 8vo. 
Contains : — Observaciones Meteorol6gica8 practicadas en C6rdoba durante el 
ano 1884 por Oscar Doering (88 pp.). The author gives the daily observations 
in extensOf which are made at 7 a.m., 2 p.m., and 9 p.m. The following are some 
of the principal results for the year : — Temperature : Mean 62°'3 ; Mean Max. 
75°-9; Mean Min. 47°-5 ; Max. 103*''3 on January 18th; Minimum 18°-7 on 
June 22nd ; Relative Humidity 65*9 per cent. ; Rainfall 26*86 ins. 

HaNDBUOH DEB AUSUBBNDEN WlTTEBUNGS-EUNDE, GeSOHIOHTE UND GEOEN- 
WABTIGEB ZUSTAND DEB WETTEBPBOaNOSE, VOB Dr. W. J. VAN BbBBEB. 

Zwei Theile. 1 Theil. Geschichte der Wetterprognose. 1886. 870. 

892 pp. 
This work, which is only the first portion of the task Dr. van Bebber has laid 
out for himself to fulfil, is a fairly exhaustive treatise on all the efforts which 
have been made from the earliest periods to discover the agencies which produce 
weather, and to endeavour to foretell its course. The author discusses at great 
lene;th the question of lunar influence, atmospheric tides, &c. ; and concludes 
with a summary statement to the effect that those who profess to use the moon 
and its changes in forecasting are no better than astro-meteorologists. He 
admits, however, that for maxnr years to come the public will hold to the moon 
as the great weather ruler. The sunspot theory is also treated very fully, and 
the author states that he believes that tne existence of solar influence cannot be 
denied, but inasmuch as there are so many disturbing agencies, it is not possible 
to base predictions on it. The latter part of the book (100 pages) is taken up 
with the development of modem meteorology. 
L*Inolznaison des Vents. Un An^momStre ponr observer cette Inclinaison. 

Avec nn Appendice sur les Conrants vertioaox dans les Cyclones. 

Denxidme Note. Par Le B. P. Mabo Desghevbens, J.P., Directenr de 

rObservatoire de Zi-Ea-Wei, pr^s Chang-Hai, Chine. 4to. 1886. 48 pp. 

M. Dechevrens brought out his Anemometer for recording the Inclination of 

the Wind in 1881 . It was affected by the rain, snow, &c., and consequently did not 

work satisfactorily. The author attempted to obviate these inconveniences, and 

devised a better form of instrument, which he calls the '* Clino-Anemometer." 

MEW SEBIES. — VOL. Zn. Q 
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Les Obages bn Bussie. Par Prof. A. Elossovskt. Syo. 1886. 

The author rejects Mohn^s classification of thunderstorms into '* heat " stonnff 
and "cyclonic'' storms, and sajrs that all of them are cyclonic, but arise under 
certain conditions of heat, humidity and pressure. In Russia all the thunder- 
storms have a tendency to appear in the south-east quadrant of the cyclone, this 
pudency being most markea in the spring and autumn, while in summer they 
may appear in all quadrants. They never occur with very high or very low 
barometers, but are most common between 755 mm. and 760 mm., and for 
Southern Russia they are much more frequent with depressions coming from the 
Mediterranean Sea or formed locally, than with those from the Atlantic. The 
conditions which the author considers to determine the existence of a thunder- 
storm, in addition to the presence of a depression, are a high temperature and 
an absence of fog or mist. 

LiGHTNINO CONDUGTOBS : ThEIB HiSTOBT, NaTUBE, AND MoDE OF APPLICA- 
TION. By Bichabd Andebson, F.G.S. Third Edition. 1885. 8vo. 
XV. + 470 pp. 
This contains, not only a history of the various methods that have been used, 

but also a practical exposition of the systems employed by the best authorities in 

various countries. 

Meteobologisohe Zeitschbift. Herausgegeben von der oesterreiohiBchen 
Gesellschaft fiir Meteorologie and der deatschen meteorologisohen 
Gesellsohaft. Redigirt von Dr. J. Hann and Dr. W. Eoppen. Vol. HE. 
1886. April-June. 4to. 
Contains : — Das Klima von Batavla, von J. Liznar (9 pp.). This is a notice of 
Dr. van der Stok*s Observations made at Batavia^ Vol. Vl., which contains a 
summary of all the observations made during the seventeen years 1866-82. Herr 
Liznar is of opinion that for a tropical station ten years are quite sufficient to 
give really trustworthy means. — Einige Umformungen der Formel fur baro- 
metrische Hohenmessungen zur Yerwendung bei Keduction von Barometer- 
standen, von Dr. P. Schreiber (5 pp.). — Die Untersuchungen von Dr. J. van 
Bebber iiber typische Witterungs-Lrscheinungen, von Dr. W. Koppen (14 pp.). 
This is a notice which anticipates the second volume of Dr. van Bebber*s book, 
which will be published in the course of a month or so. — Ueber Langley's 
Untersuchungen der Sonnenstrahlung, von Dr. J. M. Pernter (15 pp.). This is an 
abstract of Prof. Langley^s paper on the Mount Whitney results, published as a 
Professional Paper of the Signal Office in 1884, Prof. Langley, finding aJl actinp- 
meters unsatisfactory, invented a special apparatus termed a "Bolometer,'* which 
is described in the Proceedings of the American Academy^ Vol. XVI. Armed 
with this instrument he went to Mount Whitney, a station possessing the 
following qualifications :— 1. a clear atmosphere ; 2. a great altitude ; 3. great 
steepness ; 4. a low latitude ; and 5. a drv climate. He had two stations. Lone 
Pine at the base and Mountain Camp at the summit, at the height of 11,625 feet, 
the difference of level between the stations was 7,864 ft. The cost of the expedition 
was mainly borne by a gentleman of Pittsburg who declines to allow his name to 
be published. As to the results. Prof. Langley says that if there were no atmo- 
sphere the sun would be blue. This conclusion he bases on the fact that the 
atmosphere exerts a selective absorption on the sun's rays, the most refrangible 
rays being the most absorbed. In this connection Langley states that no neat 
wave of such a length as could be emitted from the earth could ever pass 
through the atmosphere, accordinglv all the dark heat rays emanating from the 
earth are absorbed by the atmosphere. The nearer the earth the air strata lie 
the less transparent are they for solar rays. Accordingly it cannot be assumed 
that the atmosphere acts as a homogeneous body for the absorption of the 
individual rays. Finallv, it appears that actinometer observations throw no light 
on the subject of radiation, ana that even with the bolometer results are far from 
conclusive, as we are ignorant of the law according to which the co-efficient of 
transmission increases with the heisht. Temperaturleitung und Strahlung der 
ruhenden Atmosphare, von Dr. J. Maurer (6 pp.). — Fahrt des Militlir-BsSlons 
Barbara am 10 December 1885, von Major F. H. Buchholtz ^2 pp. and plate).— 
Grewitterperioden in Wien, von Dr. J. Hann (12 pp.V — Einiges uber Gewitter- 
erscheinungen im Riesengebirge, insbesondere auf der Schneekoppe, von Prof. 
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Dr. £. Reimann (8 pp.).— Von der Mogllchkeit uber die Temperatnr-yerhaltnisae 
kommender Jahrb and Jahreszeiten Bich im Voraus eine Meinung zu bilden, von 
A. Magelssen (6 pp. and plate). 

Beyub mabitdce bt ogloniaus. April 1886. 8vo. 

Contains:— L'Ooragan de Join 1885, dans le Golfe d'Aden, par le Vice-Amiral 
G. CIoa6 (63 pp. and chart). This is an account of the same cyclone as is 
described by Capt. M. T. Moss on page 174 of the present No. of the Quarterly 
Journal, and by M. Millot in the Annuaire de la SociiU MeUorohgique. 

BoYAL Cornwall Poltteohnio Society. The Fifty-Third Annual Bbport, 
1886. 8vo. 1886. 
This contains a full account (13 np.) of the action taken by the Society for 
the erection of the new Falmouth Observatory. The foundation stone was laid 
by the Earl of Mount Edgcumbe, on August 12th, 1884 ; and the building was 
completed and the instruments put in position on May 9th, 1885.^Mr. W. L. 
Fox also contributes a set of ^' Tables of Sea Temperature, Bright Sunshine and 
Climate at Falmouth for the year 1885, and Notes, with other Meteorological 
Tables for West Cornwall ana the Scilly Islands " (12 pp. and diagram). 

Scottish Geographical Magazine, 1886< Svo. 

This contains a Paper by Mr. W. B. Tripp on South Africa : its Physical 
Configuration and Ramfall; with notes on its Geology, Diamond and Coal 
Fields, and Forests, and two maps, showing contours and mean annual rainfall 
(6 pp.).- 

SlTZUNGSBBRICHTE DER E^NIGL. BoHMISCHEN GeSELLSCHAFT DER WiSSEN- 
SCHAFTEN IN ?RAG. 1886. 8yO. 

Contains : — Ueber die jahrliche Periode der Richtung des Windes, yon Profi 
Dr. F. Augustin ^22 pp. and plate). The author has inyestigated tiie data from 
a yery large numoer ox stations, and finds that as regards the annual rotation of 
the wind in both hemispheres the north and east coasts exhibit a right-handed, 
and th^ south and west coasts exhibit a left-handed rotation. The influence of 
the apparent path of the sun is shown by the fact that when its declination is 
northerly the wind moyes against watch-hands, and when it is southerly it 
moyes with watch-hands. 

SocietI Meteorologica Italiana. Bollettino Mensuale pubblicato per 
cora dell' OBseryatorio Centrale del Beal CoUegio Carlo Alberto in 

. MoNCALiERi. Serie IE., Vol. YI. Nos. 1-8. Jan.-March 1886. 4to. 

Amons other information this contains the following papers : — La Meteorologia 
nelle isole Filippine, del Capt. L. Gatta ^5 pp.). — Modificazioni fatte alP Anemo- 
grafo Denza per ayere la Direzione dei Venti obliqui, e per ottenere maggior 
sensibility nel Mulinello di Robinson da Francesco Crayero (1 p. and plate). — 
Pioggia di sabbia del 15 Ottobre 1885, del P. F. Denza (8 pp.). 

Symons's Monthly Meteorological Magazine. April-June 1886. Vol. 

XXI. Nos. 248-245. 8yo. 
Contains among other information^ articles on the following subjects:- 'The 
Cold and the Snow Storm (4 pp,). — Mieteorological and Astronomies! Recurring 
Periods, by G. D. Brumham (2 pp.). — Earth Temperature and Weather in South 
Australia, by C. L. Wragge (1 p.).— Swedish Weather Proyerbs (3 pp.). — 
Periodical Recurrence of Warm Summers, by G. T. Gwilliam and G. D. Brumham 
(2 pp.).— Barometric Wells (1 p.).— The May Floods of 1886 (3 pp.).— Flood 
Leyels (2 pp.).— Great Rainfall (2 pp.). 
The Naturalist's Diart. A Day-Book of Meteorology, Phenology and 

Boral Biology. Arranged and edited by Charles Borerts, F.E.G.S. 

8yo. 1886. XLyn. + 865 pp. and map. 
This Diary is intended to be used as a work of reference on many questions 
relatiye to climate, natural histoiy, and rural economy ; and as a journal in which 
to record facts and obsenrations of a similar kind. To meteorologists, medical 
men, and others interested in sanitary questions and health resorts, it will serye as 
a standard of the climate and yegetation of the British Isles with which to com* 
pare local yariations. It contains a chart showing the blossoming of spring 
flowers in Europe, and an Introduction on Natural Periodic Phenomena, &c« 
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The Severe Weather op the Winter of 1885-6. By Charles HardimOi 
F.R.Met.Soc. (Plate IV.) 

[Bead May 19th, 1886.] 

In attempting to write a history of the past winter, considerable difficulty is 
experienced in limiting the period to be dealt with ; and in the hope of rendering 
this paper as complete as possible the whole six months, from October 1885 
to March 1886, have been considered in a general way, whilst the three 
months from January to March 1886 have been treated more in detail, as 
embracing the period daring which the weather was most severe and in 
which both frost and snow were exceptionally prevalent. 

Abnormally cold weather was experienced in the latter part of the smnmer 
which immediately preceded the period here especially dealt with, and as 
early as in August some days were quite autumnal, whilst the weather for 
the month was conspicuous for the entire absence of high summer tempera- 
turcs. 

September was also cold, and at the commencement of the month the dry 
weather, which had been so marked a characteristic of the summer, gave way 
to a period of heavy rains, weather of a very unsettled character having set 
in. It was not, however, until after the sun had crossed the Line that cold 
weather of a really exceptional character was experienced. It is very unusual 
for the shade temperature to fall bebw the freezing-point in any part of 
the Kingdom so early as September, but during the week ending th9 SdUi 
lower temperatures were common over the whole of the British Ishods, mi 
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BABDINCH-^rHB SETEBE WBATBER OF THE WINTEB OF 1886-6. 

in the South-west of England the thermometer in the shade fell to 26^. At 
Greenwich Observatory the shade temperature fell to 80°*6 on the 27th, whilst 
on the grass, open to the sky, the thermometer registered 22° : the observations 
for September at Greenwich from 1841 do not show any previous shado 
temperature so low. The mean temperature for the 27th was 40°*6, which 
is 14^*1 in defect of the average ; this is a lower value than any recorded in 
the Greenwich observations since 1814. This cold spell was accompanied by 
slight snow showers in many parts of England, and snow fell in London on 
September 26th ; the earliest date shown by previous records at which snow 
has fallen in London was October 7th, 1829. 

October was cold and cheerless, and the sensation was that we had been 
suddenly plunged into mid-winter ; the cold continued throughout the month, 
and was uniform over the whole country. In London there were but three 
days, the 16th, 26th, and 27th, on which the temperature was in excess of the 
average, and the thermometer did not reach a higher temperature than 60° 
throughout the month. The Greenwich observations from 1841 do not show 
a previous October in which 60° has not been exceeded. The weather 
throughout the month was dull, wet, and unsettled, and numerous barometric 
depressions traversed all parts of our Islands. 

November was particularly gloomy and damp, and both ground and air 
were kept in a state of saturation. In other respects the month may be 
characterised as one of ordinary average conditions, the temperature over the 
whole country approximatmg fairly to that usually experienced at that season. 

December was a constant alternation influenced by the combined effect of 
cyclonic and anticyclonic conditions, the weather at one time being open and 
mild, whilst at another it was cold and frosty. The combined efiect of the 
warm and cold spells resulted in a mean temperature in fair agreement with 
average conditions. The severest spell of cold weather was experienced from 
the 6tii to 11th, when the temperature fell to 14° both in the North-west and 
South-west of England. Good skating was enjoyed in London and the suburbs 
on the 11th, and the skating was of a first-class character in all parts of the 
fen country — Cambridgeshire, Lincolnshire, Huntingdonshire, and Norfolk. 
Snow showers were experienced over the greater part of the Kingdom, and in 
Scotland some rather heavy falls occurred. 

January was cold over the whole of the United Kingdom, but the weather 
was extremely unsettled, severe frost alternating with brief periods of thaw. 
Heavy falls of snow were experienced generally over the whole country, and 
on the 6th the fall was particularly heavy in the East and South-east of 
England. In and around London it was about 8 ins. deep, and traffic for a 
time was greatly impeded. On the 8th, a very severe snowstorm occurred in 
Scotland and the more northern parts of England. In London and in many 
parts of the country there was good skating both at the commencement and 
end of the month. The period of greatest cold was in some places from the 
7th to 8th, and in others from the 19th to 28rd. 

February was cold and dreary from beginning to end. The barometer was 
higher and more uniform than usual, and the conditions decidedly anCtcyclonic. 
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The area of greatest cold was over the eastern parts of England. No ex- 
tremely low temperatures were recorded, but the cold was persistent in 
character, the coldest period being the close of the month. There have been 
in London during the present century but six Februaries with as low a monthly 
mean temperature, these were in 1814, 1827, 1888, 1845, 1853, and 1856, 
but of recent years 1878 and 1875 were only slightly warmer. Some heavy 
snow falls occurred over nearly the whole Kingdom, and fairly good skating 
was possible, especially during the second week. 

March was cold, but very opposite conditions of weather were experienced 
during the month. From the commencement until the 18th, intense cold 
prevailed accompanied with biting East winds, and throughout this period 
an anticyclone was situated over the British Islands. Frequent heavy falls 
of snow took place, and more skating was enjoyed than in any previous 
March since the formation of the London Skating Club in 1880. After the 
18th the frost entirely broke up, and for the remainder of the month the 
weather was unusually mild for the season. 

Table I. gives the difference of temperature in degrees from the average 
for 20 years for the whole six months (September 21st, 1885, to March 21st, 
1886), and for each week for all the twelve districts into which the Meteoro- 

TABLE I. 

DlTFEBENCB OV MeAN TemPEKATUBB FOB EACH WeEK FBOM THE AVEBAQE OF 20 YeABS, 

I 861-1880. 



Week 
ending 

1 


Scotland,! 
North. 


Scotland, 
East. 


1« 


England, 
East. 


Midland 
Counties. 





Scotland, 
West. 


1^* 
a; 






Ireland, 
^ South. 


Channel 
° Islands. 


1885. 




















Sept. 28 —4 


—3 


-4 


-6 


—6 


-6 


-4 


~6 


—6 


—4 


-6 


—4 


Oct. 5 -3 


— 2 


—2 


-3 


—3 


— 2 


— 2 


-3 


—3 


—4 


-3 


-3 


12 _5 


—4 


—5 


—6 


—6 


-6 


-5 


-6 


—5 


—5 


-5 


—5 


19. —2 


— 2 


— I 


—4 


—3 


-4 


-2 


—3 


—5 


— I 


~4 


-5 


X. '^i -5 


—5 


-3 


—4 


—4 


—3 


-6 


—5 


—4 


—4 


—5 


—4 


Nov. 2 — I 


avge. 


— I 


—3 


—3 


~3 


—I 


—3 


—3 


— I 


— I 


— 2 


i+^ 


+4 


+2 


— I 


+' 


— I 


+4 


+ 1 


+ 1 


+3 


+4 


avge. 


16 —2 


—4 


—I 


— I 


—2 


avge. 


—I 


—3 


— I 


— I 


— I 


—2 


23 —I 


—5 


~i 


— 2 


-3 


-2 


— 2 


-4 


—I 


— I 


avge. 


avge. 


30 avge. 


+2 


+4 


+6 


+6 


+7 


+3 


+3 


+6 


+3 


+5 


+6 


Dec. 7 —4 


— I 


avge. 


avge. 


avge. 


--2 


— I 


—I 


avge. 


—2 


—I 


+2 


M —3 


—2 


—4 


—6 


—5 


-6 


— 2 


—5 


~6 


—3 


-5 


—4 


21; -fs 


+6 


+3 


+4 


+3 


+3 


+6 


+2 


—2 


+5 
+1 


+6 


avge. 


28 4-2 


+4 


+1 


— I 


—I 


— 2 


+2 


— I 


•-3 


—I 


—1 


1886. 
























Jan. 4 —I 


+3 


+3 


+3 


+4 


+3 


+3 


+3 


+2 


+2 


+2 


+2 


11! --6 


-6 


-6 


—6 


—6 


—6 


—5 


—6 


-5 


—4 


—4 


—3 


»s; -5 


—3 


—I 


— 2 


— I 


-I 


—2 


— 2 


— 2 


—3 


—2 


—I 


r. u "5 -3 


—5 


—6 


—6 


—7 


-7 


—7 


-8 


-9 * 


—7 


—9 


—6 


Feb. I -3 


— 2 


—3 


— 2 


— 2 


avge. 


—3 


—4 


—4 


—4 


-4 


— I 


8 -3 


—4 


—5 


-6 


—5 


—6 


—4 


-6 


"5/ 


— 2 


—2 


—3 


15 +1 


+2 


— I 


-6 


—3 


-5 


+1 


— I 


-y 


+1 


avge. 


—2 


',, " ""3 


-5 


-6 


—8 


—7 


—7 


-4 


—6 


-/ 


—3 


-3 


—4 


Mar. 1, —6 


—7 


—7 


-9 


—9 


—9 


—7 


-9 


-4 


—7 


—6 


-5 


8; -7 


—7 


-8 


—9 


— 10 


—9 


-8 


—10 


—9 


—7 


—8 


—6 


15I -3 


—8 


—7 


—9 


— 10 


— 10 


-7 


— 10 


—10 


-7 


-77 


—9 


22' avge. 


avge. 


— z 


+' 


+' 


— 2 


avge. 


— I 


— I 


avge. 


+1 


avge. 
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logical Office divides the British Islands m the discussion of its returns. 
From this Table it will be seen that there is no district in which the mean 
temperature was above the average in more than six weeks out of the twenty- 
six weeks dealt with. In the Channel Islands the temperature was only above 
the average durmg three weeks ; whilst in the South, South-west, and North- 
west of England, and in the North of Scotland, it was only above the average 
in four weeks. The Table also shows that these high temperatures were 
almost wholly in November and December. The greatest deficiency of 
temperature was in the weeks ending January 25th, March 1st, 8th, and 15th, 
during which periods the defect from the average amounted to as much as 9^ 
and 10° in several districts. For the fortnight ending March 15th, the mean 
in the Midland Counties and in the North-west of England was below the 
freezing-point, and, considering the British Islands as a whole, the temperature 
was lower during this fortnight than during any similar period of the winter ; 
in connection with this it must not be overlooked that the average temperature 
for March is several degrees warmer than for January. 

Table IE. gives the monthly means for each of the six months from October 
to March for all the stations used by the Meteorological Office in the com- 
pilation of its Weekly Weather Report, which stations number about 70 and 
are fairly representative for each of the several districts, comprising the 
whole area of the British Islands. From this it will be seen that the resulting 
monthly means were below the average at all stations over the whole Kingdom 
in October, January, February, and March. In the East, South, North-west, 
and South-west of England, and the Channel Islands, as well as over the 
greater part of the Midland Counties and the North of Ireland, the temperature 
was also below the average in December. In the North-west of England the 
temperature was below the average in each of the six months, with one solitary 
exception of an excess of 0^*1 at Stony hurst in November, and at two stations 
out of three in the North of Scotland the mean was below the average in 
each of the six months. 

The amount in defect of the average was generally larger in February than 
in any other month. The greatest deficiency was in the East and South of 
England, and in the Midland Counties ; the amounts at the several stations 
varying from SP to nearly 9°. 

Considering the actual mean temperatures, the coldest months were January 
and February. In Scotland and Ireland January was the coldest, whilst, with 
a very few exceptions in the North, February was the coldest over the whole 
of England and in the Channel Islands. 

The several monthly means of the maxima and minima, as would naturally 
be expected, range in fair agreement with the means obtained from these 
combined data. 

The means in the several districts and for each of the six months show the 
coldest weather to have been experienced as follows : — 

October was coldest in Scotland. 

November was coldest in Scotland and the Midland Counties. 

December was coldest in the East of England and the Midland Counties. 
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January was cold over the whole Kingdom, bat the frost was most intense 
in the Eastern and Midland districts. 

Febroary was coldest over the East of England and the Midland Comities. 

March was cold over the whole Kingdom, bat rather less so in the West 
than in other parts. 

Table m. gives the absolute minima in the several districts for each week 
during the six months in question, the arrangement being similar to that 
followed in Table I. It shows that the absolutely lowest temperature for 
these representative stations during the whole winter was 6°, which occurred 
in the East of England during the week ending January 11th. The next 
lowest temperature was 7° in the North-west of England during the week 
ending January 26th, and in the same week 8° was registered in the North of 
Scotland. The lowest temperature for the winter in all districts occurred id 
one of these two weeks ending January 11th or 26th. The minima for the 
two weeks ending March 8th and 16th were, however, but very slightly 
higher, the lowest readings were IQP in the North-west of England and 11^ 
in the Midland Counties. 

TABLE ni. 
MnmcuM TsMPBaATUHS in each Week. 



Week ending 


Il 

1^ 


P 


J^ 


1 

1^ 


fr3 » 




P 




fe 


^sl 


'^4 


11 

as 


In whole 
of British 
Islands. 


1885. 
September 28 



29 



32 



30 



31 


2^8 



30 



31 



30 



25 



29 



30 



44 



25 


October 
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35 


34 


39 


36 
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37 


39 


39 


34 


35 


35 


47 


34 




12 


30 


26 


31 


33 


28 


30 


29 


26 


30 


33 


36 


43 


26 




'? 


35 


36 


37 


35 


28 


31 


33 


34 


29 


32 


34 


42 


28 




26 


22 


20 


35 


34 


28 


33 


26 


29 


25 


27 


28 


41 


20 


November 
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30 


31 


31 


30 


29 


31 


33 


26 


30 


32 


33 


43 


26 
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32 


27 


31 


29 


30 


3? 


34 


31 


31 


33 


35 


40 


27 




x6 


27 


20 


30 


26 


24 


26 


23 


20 


25 


20 


22 


37 


20 




23 


25 


z8 


22 


24 


22 


28 


19 


23 


29 


26 


27 


31 


18 




30 


34 


31 


32 


33 


35 


36 


36 


30 


32 


31 


33 


45 


30 
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21 


23 


20 


29 


23 


30 


20 


18 


24 


19 


30 


42 


18 




14 


20 


19 


16 


16 


17 


19 


22 


14 


14 


18 


19 


32 


14 




21 


32 


32 
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30 


30 


29 


37 


27 


30 


36 


34 


36 


27 




28 


30 


30 


28 


26 


25 


23 


28 


21 


23 


23 


23 


31 


21 


1886. 
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23 


22 


26 


25 
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25 


29 


34 


22 
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15 
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10 
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13 
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18 
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21 
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17 
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24 


35 


15 
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13 


14 


14 


23 


20 


.1 


14 


14 


18 


27 
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Febroary 


I 
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28 
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28 


28 


21 
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24 


34 


21 
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22 


18 
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21 
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15 


15 
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15 




15 


29 
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26 


14 
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28 
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14 
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25 


24 


34 


20 
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II 
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10 
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16 


31 
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16 


13 
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16 


16 
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29 


13 




22 


30 


24 


27 


19 


20 


18 


30 


27 


17 


26 


22 


32 
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Lowest in 
6 months. 
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12 


13 
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15 
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13 


14 


16 


27 
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This Table also shows that, omitting the Channel Islands, there was no 
district in the British Islands in which the temperature for each week did not 
fall to the freezing-point, or below it, from the commencement of January 
until the third week in March. In the South-west of England there was only 
a single exception of a week in which the thermometer did not fall to the 
freezing-point from September 21st to March 21st, and not a single exception 
after the first week in October. In each of the districts Scotland E., England 
N.E., and England N.W., the temperature fell to 82° or below in each week 
from the commencement of November until the third week in March, and in 
England E. and S., and in the Midland Counties, there was no exception from 
the commencement of December. 

Table lY. gives the lowest shade temperatures recorded in January, 
February, and March at all the stations. It shows that the lowest temperature, 
6°, occurred at Eothamsted in Hertfordshire on the night of January 7th-8th. 
The Table also shows that the January minima at many stations occurred at this 
time, but this was by no means uniformly the case. In the North-west and 
South-west of England the minima for the month occurred generally between 
the 19th and 21st. The minima in February were not so low, nor were they 
at all uniform in their period of occurrence. In March the lowest temperature 
was 10° at Newton Reigny, near Penrith, on the 7th, and the minima over 
nearly the whole of Great Britain occurred on this day. 

The Table, as well as Plate lY., shows the number of times that the ther- 
mometer fell to 82° or below in each of the three months from January to 
March, the total number of nights in many parts of the British Islands 
exceeding GO, the absolutely highest number was 66 nights at Llandovery ; 
and in addition, the Table lY. shows the number of days with the thermometer 
below 20°. The latter are by no means common, and clearly indicate that 
the frost was not in any way remarkable for its low readings ; but both the 
Table and the Plate, on the other hand, show, by the number of times the 
thermometer fell to the freezing-point, and also the long period that the 
minimum temperature was continuously at this point or below, that the frost 
was one of very exceptional length. 

The longest uninterrupted continuance of the frost was generally experienced 
in the Midland Counties and in the East of England. At Cheadle in Stafford- 
shire, Churchstoke in Montgomery, Llandovery in Carmarthen, and Great 
Berkhamsted in Hertfordshire, frost occurred on 83 consecutive nights, from 
February 14th to March 18th, whilst at several stations the frost continued 
80 days or more. 

In Great Britain, the longest period of frost during the winter occurred 
between the middle of February and the middle of March, and Plate lY. 
exhibits very clearly how few days there were during this period on which 
frost did not occur. In Ireland, however, the longest period of frost occurred 
generally in January. 

Table lY. also gives the number of days on which snow fell for stations 
considered representative of the British Islands. 

Table Y. gives the number of days that the minimum temperature at 
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TABLE V. 

No. OF Tikes the Miniuum Tempbbatubb was 32° ob below at the Royal Obsebvatobt, 

Gbeenwich» 1845-1886. 



i 


Jan. 


Feb. 


Mar. 


Longest continnous 
period, 32° or below, 
in Three Months, 
Jan. to March. 


Longest continuous period, 

32° or below, 

in Whole Winter. 


^ 




^~ 




"^ 














H 





0' 


jo 


0* 





0* 














3 


s 


£ 


S 


2 


s 


Date. 


5 


Year. 


Date. 


i 







1 










s 




1 








1 


s. ^ 




& 




« 










ijl 


iJ 


1 


^ 












1845 


12 ... 


19 2 


2 


Mar. 12-21 


10 


1844-5 Deo. 5-15 


II 


1846 


.... 


6 ... 


6 


... 


(Feb. 8-12 1 
\ Mar. 17-21 J 


5 


rQ.^-fi I i Feb. 8-12 I 
^845-6 ! 1 Mar. 17-21 


5 


1847 


1 

i8,... 


18. 5 


13 


I 


Jan. 10-21 


12 


1846-7 


Deo. 24— Jan. 4 ) 
Jan. 10-21 } 


12 


1848 


23 


I 


1 
7,- 


5 


... 


Jan. 20-29 


10 


1847-8 


Jan 20-29 


10 


1849 


13 


I 


71... 


6 


... 


Jan. 1-7 


7 


1848-9 


Jan. 1-7 


7 


1850 


24 




3 ••• 


13 




Jan. 5-18 


M 


1849-50 Jan. 5-18 


14 


1851 


3 




1 
9 ... 

1 


2 


... 


(Feb. 15-17 ) 
|Feb. 27--Mar. ij 


3 


1850-1 Dec. 20-24 


5 


1852 


5 




7 — 


15 


... 


Mar. 1-8 


8 


1 85 1-2 Mar. 1-8 


8 


1853 


3 


... 


21 ... 


18 


... 


Feb. n-24 


14 


1852-3 Feb. 11-24 '14 
1853-4 Dec. 24— Jan. 6 '14 


1854 


8 


2 


10 ... 


10 


... 


Mar. 1-7 


7 


1855 


20 


2 


22 10 


16 


... 


Jan. 14— Feb. 3 


21 


1854-5 Jan. 14— Feb. 3 


21 


1856 


10 


... 


6*... 


13 


... 


Jan. 28— Feb. 4 


8 


1855-6 Jan. 28— Feb. 4 


8 


1857 


19'... 


12! ... 


9 


... 


Jan. 26 — Feb. 5 


II 


1856-7 Jan. 26— Feb. 5 


II 


1858 


17 ... 


22 




H 


... 


Feb. 17— Mar. 12 


24 


1857-8 Feb. 17— Mar. 12 


24 


1859 


6'... 


6 


... 


a 


... 


Feb. 3-5 


3 


1858-^ , Not. 18-24 


7 


i860 


8 


... 


18 


... 


9 


... 


Feb. 9-15 


7 


1859-60 Dec. 10-20 ,ii| 


1861 


22 


5 


5 


... 


2 


... 


Jan. 1-19 


19 


1860-1 


Jan. 1-19 119I 


1862 


II 




5 ... 


4 


... 


Jan. 16-22 


7 


1861-2 


Jan. i6-22 


7 


1863 


4 


... 


8 ... 


8 


... 


Feb. 13-18 


6 


1862-3 


Feb. 13-18 


6 


1864 


13 


2 


17 ... 


10 


... 


Jan. 1-9 


9 


1863-4 


Dec. 31— Jan. 9 


10 


1865 


»7 


3 


H, I 


17 


... 


Mar. 18-31 


M 


1864-5 


Mar. 18-31 


M 


1866 


6 




10 ... 


II 


... 


Feb. 27— Mar. 5 


7 


1865-6 


Feb. 27— Mar. 5 


7 


1867 


18 


7 




17 




Jan. 11-22 


12 


1866-7 


Jan. 11-22 


12 


1868 


17 ' ... 


5 — 


5 




Jan. i-ii 


II 


1867-8 


Dec, 25 — Jan, 11 


18 


1869 


8,... 


2 . ... 


16,... 


Jan. 19-25 


7 


1868-9 


Jan. 19-25 


7 


1870 


12 j I 


15 


I 


13 


... 


Feb. 9-19 


II 


1869-70 


Feb. 9-19 


II 


1871 20 


2 


5 




7 


... 


Jan. 1-6 


6 


1870-1 


Deo. 21— Jan. 6 


^7\ 


1872I 2 


... 






10 


... 


Mar. 20-27 


8 


1871-2 


Dec. 2-1 1 


10 


1873' 8 ... 


18 




6 


... 


Feb. 18-25 


8 


1872-3 


Feb. 18-25 


8 


1874I 6... 


15 




9 


... 


Feb. 4-12 


9 


1873-4 


Feb. 4-12 


9 


1875 


3. I 


21 




M 




(Feb. 4-1 1 ) 
(Feb. 18-25) 


8 


1874-5 


Dec. 14-23 10 


1876 


19 2 


9 ... 


10 




Jan. 5-16 


12 


1875-6 


Nov. 29 —Dec. 10 > ,^ 
Jan. 5-16 J '" 


1877 


7 ... 


3- • 


12 




Mar. 8-12 


5 


187&-7 


Mar. 8-12 i 5 


1878 


II ... 


5 •.. 

1 


II 




Jan. 29— Feb. i 
Feb. 6-9 
Mar. 14-17 
Mar. 23-26 ; 


4 


1877-8 


f Dec. 25-28 ^ 
Jan. 29— Feb i, 1 

- Feb. 6-9 p4 
Mar. 14-17 1 
.Mar. 23-26 J 


1879 


26 I 




II 


... 


( Jan. 2-12 ) 
jjan. 16-26 J 


II 


1878-9 Dec. 6-26 


21 


1880 


23 


5 


6'... 


4 


... 


Jan. 24— Feb'. 2 


10 


1879-80 Nov. 20— Deo. II 


22I 


1881 


19 


10 


II ... 


II 


... 


Jan. 11-26 


16 


1880 -I , Jan. 11-26 16 


X882 


8'... 


6,... 


4 




Jan. 21-26 


6 


1 88 1-2 1 Jan. 21-26 . 6 


1883 


4 ... 


3 ... 


22 ' ... 


Mar. 3-13 


II 


1882-3 . Mar. 3-13 II 


1884 


2 ... 


1 

si- 


4 ... 


Feb. 29— Mar. 3 


4 


■««3-4, {«:,:• -1'S„.3} 4 


11885' 20 ... 


4;... 


13 ... 


Jan. i-io 


10 


1884-5 Dec. 31— Jan. 10 ,11 


1188^ 18 I 


17 1... 


18 i... 


Feb. 19-Mar. 18 


28 


1885-6 Feb. 19— Mar. 18 128! 
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HARDING^:— THE SEVERE WEATHER OF THE WINTER OF 1886-6. 

Greenwich Observatory was 82° or below, also the number of days below 20° 
for each year from 1845 to 1886, for January, February, and March. It 
also gives the longest period during these three months that the minimum 
temperature was continuously at 82° or below, as well as the longest period 
in each winter that the minimum temperature was continuously at 32° or 
below. It shows that in 1886 the minimum fell to 82° or below for 
twenty-eight consecutive days, from February 19th to March 18th, and the 
Table does not contain any other instance of frost continuing for so long a 
period without interruption. The only instances of frost for twenty or more 
consecutive days at Greenwich from 1845 are : — 

24 days in 1858, from February 17th to March 12th. 
22 days in 1879, from November 20th to December 11th. 
21 days in 1856, from January 14th to February 8rd. 
21 days in 1878, from December 6th to December 26th. 
Considering the three months from January to March, there are but few 
years since 1846 that have a period of continuous frost of one half the length 
of that in 1886. The years with fifteen days or more are respectively : — 

1886, 28 days. 
1858, 24 days. 
1855, 21 days. 
1861, 19 days. 
1881, 16 days. 
Taking the actual days with frost, irrespective of continuity, there was in 
London frost on fifty-three days in the present year (1886), from January to 
March. In 1865 the number of frosts in the corresponding period was fifty- 
eight, but the only other instance of more than fifty days was in 1868, when 
the number was fifty-three. 

There was only one night from January to March 1886 on which the 
therftiometer fell below 20°, but each of the following years had five or more 
such frosts in the period : — 

1855) 12 nights. 1847, 6 nights. 

1881, 10 „ 1861, 5 „ 

1867, 7 „ 1880, 5 „ 

Mr. W. Lucas, writing on March 4th from Hitchin, remarks that winter 
began with him in August, and gives the following results of thirty -seven years' 
observations :— 

No colder August. 
8 colder Septembers. 
1 colder October. 
11 colder Novembers. 
7 colder Decembers. 
6 colder Januaries. 
1 colder February. 
The average temperature of the seven months was 10° below the mean, 
and he states that *' the ice on which we skated early in December, and even 



Digitized by 



Googk 



HABDlNG tBE SEVEBE WEATHEB Of" THE! WINTER OF 1886-6. 28? 

in November, has never thawed, and has bomo all the time, and the snow 
drifts which fell in December in many places are almost undiminished.'* 

The following are a few of the most extreme minimum temperatures 
(below 10°) from stations other than those used in the Tables : — 

January. 
Station. Shade temp. On grase. Date. 

o o 

Braemar ... ... ... —2*0 — 19 

Alston ... ... ... 1-1 — 20 

Stapleton ... ... ... 4-8 — 20 

Buxton ... ... ... 6-6 — 20 

Berkhamsted^ ... ... 7-4 0-9 8 

Do. 9-2 -4-6 7 

Ross ... .. ... 8-6 — 7 

Pawston, Comhill on Tweed ... 9-0 — 19 and 20 

Skipton ... ... ... 9-0 — 20 

Beddington ... ... ... 9*2 — 8 

Febbuaby. 
Braemar ... ... ... 2-5 — 5 

Alston ... ... ... 7*1 — 5 

Maboh. 

Alston ... ... ... —2*6 — 7 

Buxton ... ... ... 1*2 — 7 

Braemar ... ... ... 2'0 — 12 

Tean Vicarage ... ... 7*0 — 7 

Jedburgh ... ... ... 8*0 — 7 

Hodsock ... ... ... 8-4 — 7 

Bishop's Castle, Salop ... 9-0 — 7 

Probably the most interesting feature in connection with the past winter 
was the excessively cold weather experienced over the whole country at the 
commencement of March. The following are the mean temperatures from the 
Ist to 17th at a few stations, which may be considered representative of the 
British Islands, and which are arranged approximately in order of latitude : — 

TABLE VI. 

Mean Tsmpebaicbes, Mauch ist to 17TH, 1886. 

Station. Mean Max. Moan Min. Mean Temp. 

000 

Nairn 378 23-6 317 

Aberdeen 37*1 27*9 32*5 

Glasgow 36*5 277 32*1 

Shielda 365 288 327 

Newton Beigny 362 23*6 29*9 

Bounton 36*2 25*4 308 

* The observations at Bcrkhamsted were made by Mr. E. Mawley, F.B.Met.Soc. ; the 
grass thermometer was placed on the sarface of the snow. 
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an Max. 


MeanMin. 


Mean Temp. 


o 








40*2 


276 


33*9 


38*0 


27'I 


326 


366 


22-5 


296 


36'4 


27-6 


32-0 


409 


260 


33*5 


37*3 


299 


33-6 


367 


251 


309 


35-8 


24-9 


303 


39-2 


28-8 


34-0 


375 


29*8 


337 


39-0 


266 


328 


37"9 


26*9 


32*4 


37*0 


26-0 


31-8 


387 


25*3 


32-0 


38-6 


25-9 


323 


403 


27-1 


337 


39*5 


31-0 


353 
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TABLE YL.^{CotUinued.) 
Mean Tempebatubeb, Maboh ist to 17TH, 1886. 
Station. 

Brookeborough (Fermanagh) .... 

York 

Hodsook 

Liverpool 

Parsonstown (King's Couaty) 

Lowestoft 

Aspley Goise ..•• 

Colwall, Malvern 

Cardiff 

Margate 

Greenwich 

Norwood ......•• 

Tenterden • 

Harestock 

Stowell 

CuUompton 

Babbacombe 

It will be seen that the mean for the period ranged within a degree or two 
of the freezing-point, above or below, over the whole country. 

The Greenwich observations from 1814 only show tw. instances of a 
similarly low temperature in March. In 1814, the mean for the 1st to 17th 
was 81^*4, and there were fourteen days between the 1st and 19th with 
the mean temperature at or below the freezing-point. The whole winter of 
1814 was exceptionally severe, the frost being very prolonged. In 1846, the 
mean for the 1st to 17th was 29°'8, and there were eleven days between the 
1st and 18th with the mean temperature at or below the freezing-point — ^this 
frost was also very prolonged. 

Mr. Mawley has supplied the following facts relative to the weather experi- 
enced at Great Berkhampsted. They are of especial interest, as the weather 
was probably nowhere more severe than in Hertfordshire, and the extreme 
care with which the observations are made render them of high value. 

The minimum temperature registered 82° or below in January twenty-two 
days, February twenty-three days, March eighteen days, making a total of 
sixty-three days between January 8rd and March 18th. The temperature 
was below 20° on four days — January 7th and 8th (d°'2 and 7°'4), March 7th 
and 17th (18°* 8 and 16°' 9). The longest period with minimum temperature 
82° or below was thirty-three days, from February 14th to March 18th ; whilst 
on the grass frost occurred on seventy-three consecutive days, from January 
5th to March 18th, with the soUtary exception, if so it can be called, of 82°'l 
on February 13th. The lowest temperatures on the grass or snow were : 
- 4°-6 on January 7th, 0°-9 on January 8th, 18°-1 on February lOtb, 10°'8 on 
March 7th, and 8°*9 on March 17th. The extreme variation of the tempera- 
ture of the soil during the first seventeen days of March was, at 1 foot 0°'5, 
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from 82°-8 to 88°-8, and at 2 feet 0°-6, from 84°'6 to 86°'l. On March 18th 
the gronnd was frozen 6 ins. deep, or to a greater depth than at any previous 
time in the winter. 

The days on which snow fell were : — January 5th, 6th, 8th, 10th, 12th, 17th, 
19th, 21st, 22nd, 2drd, 24th, 25th, 29th ; February drd, 6th, 22nd, 28rd, ' 
25th, 28th ; and March 1st, 2nd, 8rd, 6th, 12th, 18th, 14th, 15th, 16th, 18th. 

More or less snow was always to be seen on the north sides of some few 
hedges between January 6th and March 19th, and, in connection with this, 
Mr. Mawley mentions that until March 1st there was no driving snow suffi- 
cient to form a snow-drift. 

With the break up of the long frost the shade thermometer differed 40°-6 
in fifty-three hours, from 16^*9, at 6 a.m. on the 17th, to 57^-5, at 11 a.m. 
on the 19th. 

The unusual frequency with which snow fell throughout the period is a 
matter of great interest. The number of days on which it fell in January, 
February, and March is given in Table lY. The heaviest snowstorms 
throughout the winter were the storm of January 6th, which was about as 
heavy around London as in any part of the Eangdom, and the storm from 
February 28th to March 2nd. The latter was occasioned by a storm-centre 
advancing from the westward and crossing over central England. The 
heavy fall was doubtless largely due to the passage of the storm to the east- 
ward being barred by an area of high barometric pressure. Snow was general 
over the whole country, and in most parts the storm was very severe, 
serious drifts being occasioned by the violent wind. 

On February 28th and March 1st the fall of snow was heaviest over Wales 
and the southern and central parts of England, but in the north of England 
and in Scotland, and even in parts of Ireland, the full severity of the storm 
was experienced on March 1st and 2nd. The greatest violence of the storm 
was in the extreme north-east of England and in the south-east of Scotland. 

The following are a few details of the storm, keeping as nearly as possible 
to order of date. 



March 1st. 

The heaviest snowstorm experienced for manv years broke over Cheshire and 
North Wales in the early morning, and continuea throughout the day. 

Traffic was entirely suspended on the Bala and Festiniog line, the railway 
being blocked loetween Trawsf)^nydd and Arenig. 

The line near Corwen, Merionethshire, was most completely blocked. The 
snow in the evening blocked the line to the depth of 8 or 10 feet 

The Cambrian line, between Oswestry and AVelshpool, was blocked in several 
places, and a coast train was snowed up near Towyn, whicli was not dug out until 
the following day. 

Two trains were snow-blocked in the Dolgelly district. 

In the Isle of Man there were drifts on the high roads several yards deep. The 
railway line at Kirk Michael was completel3r blocked, and remained so on the 
2nd, one train beins entirely buried in a cutting all the time. The block still 
continued on the 3rd, when another snowstorm was experienced. 

In the Barrow-in-Furness district the snow collected in immense drifts. The 
railway passenger traffic was completelv disorganised and trains were embedded. 
It is over thirty years since a previous block was known on the Fumess line. 

NEW BBBIES. — ^VOL. XU. 8 
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In the Lake District snow fell all day, the snow drifted in many places to a 
great depth. 

In the Settle district there was one of the most violent snowstorms experienced 
for many years. A block occurred on the line between Hawes Junction and 
Ribblehead. The line, which had been snow-blocked at Dent since Ist, was 
cleared for traffic on the morning of 4th. 

At Birmingham the fall of snow was the heaviest that has been experienced 
this season. All the steam tram traffic was stopped, and the omnibuses did 
not run. 

At Worcester the snowstorm was the most severe experienced this winter. 

A train was snowed up between Watlington and Princes Risborough. 

In Shropshire snow fell continuously for fifteen hours. 

In North and West Lancashire the snowstorm was severe, in many places drifts 
were as high as the hedges and walls. In Preston snow accumulated 3 or 4 feet 
deep. 

In East Yorkshire the snowstorm was the most severe of the winter, and huge 
drifts were formed. Serious interruption was caused to railway traffic, both on 
Ist and 2nd. The drifts on the Wolds were 12 feet deep. 

The mail train from Whitehaven to Camf orth was snowed up near Ravenglass, 
the snow being from 5 to 6 feet deep. 

Glasgow and the West of Scotland experienced a very heavy snowstorm, 
apparently commencing in the evening (1st). 

At KirKwall enow fell very heavily. 

An express train, which left London at 8 p.m., 1st, only reached Berwick in 
the evemng of 4th, naving been embedded in tne snow at Morpeth. 

In the North of Ireland snow fell heavily all day. The evening mail train 
from Belfast to Londonderry was snowed up at Eglinton, about 7 miles from 
Londonderry. The snowstorm continued in Belfast on 2nd, and lasted for close 
upon forty-eight hours. 

March 2nd. 

Snow fell heavily all over Cheshire and North Wales. 

Several blocks occurred on the East Lancashire railway system. 

There was a great block between Preston and Lancaster, on the London and 
North-western system. The snow, which was from 4 to 5 feet deep in the fields, 
was blown into the cuttings, and a train near Scorton became embedded in a drift 
over 4 yards deep. 

Between Redcar and Saltbum the railway was blocked by drifting snow. A 
passenger train from Darlington ran into the drift and remained fast. 

The June at Huntcliffe, between Brotton and Lof tus, was completely blocked, 
and two trains were embedded in the snow. 

Between Sunderland and Cleadon three trains were partly buried in the snow. 

At Edinburgh the railway traffic was completely disorganised. 

Railway communication was completely stopped on the St. Andrew's line after 
midday. On other portions of the Fif eshire Railway system trains were snowed 
up during the day. The snowstorm abated during the night, but the accumulation 
of snow did not allow of communication with the main line until after midday 
of 3rd. 

On the Caledonian Railway there was a complete stoppage of traffic for 
several hours. 

The North British Railway was completely blocked. A train stuck in a snow 
drift near Arbroath, and a goods train got embedded near the same place. 
Two Caledonian trains were snow-bound between Montrose and Dub ton. 

In the Isle of Man another snowstorm was experienced with a bitter North- 
east wind. 

March 3rd. 

The two trains which were embedded since the night of 2nd in the snow be- 
tween Sunderland and Newcastle, were dug out at about 4 p.m. (3rd), and the line 
was partially opened. 

At Hartlepool the snowstorm continued throughout the night of 2nd and part 
of 3rd. 

The Midland line between Leicester and Carlisle was partially cleared. Not a 
single Scotch express had reached Leicester during the day. Five miles from 
Kirkby Stephen there were, at night, trains still embedded in the snow which 
were blocked on the North Eastern line on the night of the Ist. 
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A further fall of snow was experienced in Cumberland, Westmoreland and 
North Yorkshire. 

Snow fell at intervals over North Wales, drifting many yards deep on the 
mountain ranges. 

March 5th. 

A very Iieavy snowstorm was experienced in Devonshire, Somersetshire, 
Dorsetshire and Sussex. At Brighton the ground was covered to the depth of 
several inches. 

Mr. P. BickneU, F.B.Met.Soc., has kindly supplied the followiog details 
with regard to the ice, and a list of the days' skating ei\joyed by the London 
Skating Club, during the principal winters since its formation in 1880. 

TABLE Vn. 
London SsATiNa Club.— Teabs having i8 days and ufwabdb of Bkatino. 



Year. 


i 


1 


1 


1 


u 


Year. 


1 


1 


1 


1 


u 




Days. 


Bays. 


Days. 


Days. 




Days. 


Days. 


Bays. 


Days. 




1830-31 


5 


II 


4 


... 


20 


1860-61 9 


23 


... 


... 


32 


1837-38 




20 


17 


... 


37 


1869-70 2 


4 


13 


... 


19 


1840-41 


5 


16 


10 


... 


31 


1870-71 8 


20 


I 


... 


29 


1841-42 


I 


17 


... 


... 


18 


1878-79 15 


25 


6 


... 


46 


1844-45 


15 




14 


12 ' 41 


1879-80! 28 


12 


7 


... 


47 


1846-47 


IX 


14 


4 


... 29 


1880-81 1 ... 


18 


I 


... 


19 


1849-50 


3 


23 




... 26 


1885-86 3 


13 


6 


16 


38 


1854-55 




10 


1*8 


28 


1 











All of eighteen days and over are included, selecting that figure because it 
is divided by a decided gap from the next figures, viz. fourteen days in 1857-8, 
thirteen days in 1858-4 and 1875-6, and twelve days in 1866-7 and 1874-5. 
The only Club record of skating in November is two days (2drd and 24th) in 
1858, but there was skating in Bushey Park on November 16th, 1879. The 
only March records in the fifty-six years are those (1845 and 1886) given in 
the list, one day in 1858, and ten days in 1858. 1885-86 is the only 
occasion of skating in all the four months — ^December to March. 

Mr. Bicknell states that it is extremely difficult, from a skater's point of 
view, to compare the last winter with the others, as the amount of skating 
varied so strangely in different places not far apart. On a pond (Captain 
Edwards') at Pinner there was almost continuous skating for three months, 
and at Rickmansworth for about seventy days ; but at both places the ice was 
most carefully nursed — the snow kept swept, and skating was stopped in the 
middle of the day when desirable. 

He gives the following temperatures from his Beckenham record as most 
remarkable : — 

1886. 9 a.m. Min. Max. Mean. 

January 6 32°-6 81°-8 88° 82^-4 

Snow from about 5 a.m. till 1.80 p.m. Frost at night. 
Melted snow gauged January 5th 0*441 in. ; January 6th 0*165 in* 
9 a.iii. Min. 

January 7 25°-8 21°-5 
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Safe skating on snow, ice after one frost of only 10^. 

Dnring the March frost, the ice here (at Beckenham) steadily disappeared 
under the influence of the NE winds, and there was hardly any — no good 
skating round here, though we had 16 days at the Cluh in the heart of 
London I 

Mr. W. P. Warner, of the Welsh Harp Fishery, at Hendon, states that 
skating there commenced on January 9th, with a splendid sheet of ice, but it 
only lasted three days ; the ice with this frost was 2} ins. in thickness. 
Skating was recommenced on February 9th, but it only lasted three days. 
On March 7th there was again skating, and from this time it was indulged in 
daily until the 18th. The greatest thickness of the ice was 5 inches. 

Mr. H. Ingate Warren, Hon. Sec. of the Crystal Palace Skating Club, 
gives the following list of days on which skating took place on the Club water. 

1885. December 12th, 18th. 1886. January 9th, 10th, 11th, 20th, 21st, 
22nd, 28rd ; February 8th, 9th, 10th, 11th, 15th, 27th ; and March 1st, 
2nd, 7th, 8th. 

He adds that skating continued on other waters in the Crystal Palace 
Grounds till about March 14th or 15th, but owing to some curious air 
currents, the ice on the Club water was broken up. 

The ice in many of the public parks in the Metropolis was exceedingly 
good, and as late as March 17th the ice on the Serpentine, Hyde Park, was 
in splendid condition, and fully 10,000 persons were skating and sliding 
during the day. 

An examination has been made of the temperature of the water of the 
Thames as observed at Deptford each day during the three months January 
to March 1886, and a comparison made with the air temperature observed at 
Greenwich. The observations for this comparison were obtained from the 
Registrar OeneraVe Returns, The range of the water temperature, as shown 
by the highest and lowest readings recorded each day, were — 

o o 

January Highest 48*8 Lowest 84-0 

February „ 89*1 „ 85-0 

March „ 507 „ 85-0 

From January 8th to March 20th the entire range was from 40° to 84°, 
and from March Ist to 19th the whole range was between 86°-5 and 85°. 
The monthly means were : — 

o o 

January Water 86-8 Air 86-1 

February „ 86-9 „ 88-7 

March „ 89*5 „ 89*6 

On comparing these results with a discussion for the years 1845 to 1879, 

except 1857 and 1870, by Sir G. B. Airy,^ the following instances are 

obtained of lower water temperatures in the several months. 

» Proceedings of the Royal Society, Vol. XXXI V. 
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Jan. 1860, 88°0; 1879, 88°-9; 1861, 86°-0; 1867, 86°-l; 1871, 85^-9; 
Feb. 1846, 84^-4; 1866, 84°-6; 1878, 86^-6. Mar. 1845, 88°-8. 

The rapid way in which the Thames water took np the sadden change in 
the air temperature in the latter part of March 1886 is very striking. 

The Society's records of earth temperature have been examined, and twelve 
stations have been selected as tairlj representative of England. The results 
for these from January 1st to March 17th are given in Table YIU. Mr. 
Marriott has famished me with the averages for 1881 to 1886, which enables 
a comparison to be made with the several means. 

TABLB Vni. 
Eabtb Tbupebatubeb. 



station. 



I Foot. 



Mean. 



Dili, from Air Temp. 



Jan. 



Feb. 



Mar. 
1-17. 



Jan. 



Feb. 



BCar. 
X-17, 



Defect from Average, 
Z881-85. 



Jan. 



Feb. 



liar. 

x-17. 



Newton Beigny 

Bounton 

Hodflook 

Lowestoft 

Aspley Qnise . 

Cardiff 

Norwood 

Margate 

Harestook 

Stowell 

Oallompton ... 
Babbaoombe . . . 



353 
35*5 
36-2 

369 
347 
38-8 

357 
379 
370 
37-8 
37-8 
J3J_ 



34-2 
35-2 
357 
35*3 
33-8 
38-1 
337 
366 

35-8 
36-9 
376 

^22. 



333 
343 

34-8 
347 
32*9 
35-8 
32'5 
34*9 
341 
35-0 
363 



--2-6 
--I-8 
--17 
4-0'6 
--0-8 
--rS 

— 0'2 
4-1*2 

--1-3 

--I'2 
--I'O 

+i*o 



--X-3 
"1-3 
--I-4 

+1*2 
17 

2-5 

— O'l 

--I-4 

.-I-Q 
--2*9 
--2-4 



"3 
--3 
"5 

--I 
--2 
--I 

--0 

--I 

--I 
--2- 

--2' 
"2 



1-9 
2-9 
2-4 

30 



2-9 



4-8 
5-6 



4-8 



u 

7-0 

8-5 



70 



station. 



Newton Beigny 
Bounton . • • . 
Hodflock •••• 
Lowestoft .... 
A&pley Qnifle 
Cardiff 



Norwood .... 
Margate .... 
Harestook .... 

Stowell 

Collompton .. 
Babbaoombe 



X Foot. 



Extremes. 



Jan. 



1 



o 

41-5 
40-5 

42*0 



33-8 
34'o 
34*4 



42-0 34*5 
41-5 33*3 



44*2 
4i'5 
44.2 

423 
43*5 
43-8 
45*3 



36-1 
33-6 
35-1 
34'5 
35'3 
34-8 
357 



Feb. 



I 



35. 
37*5 
387 
371 
361 
41-0 
34-8 
39*4 
37'5 
39*5 
41*0 

42-3 



33-8 
34*o 
34-3 
34'o 
33*o 
366 
32-8 
34-8 
34-3 
35-2 
35-81 
37'5l 



Mar. 
x-17. 



I 



33-8 
35*3 
36-2 

35*o 
330 
36-8 
329 
35-6 
34*9 
36-3 
37'4 
39'9 



2 Feet. 



Excess on 
xFooi 



I 



9 17 



0-9 
2-5 



32 

33- 

34'< 

34': 

32-: 

35*2 

321 

34-1 

33*5 2-0 X7 

34*2 

35"3 

372 



2*3 2-1 



25 
2*0 



Extremes. 



Jan. 



i 



40-5 



42*0 

4X-2 



44*2 
423 



35*5 



35*4 
357 



38-2 
37*o 



Feb. 



36*0 



366 
369 



39*6 
383 



1 

35-0 



34*5 
35-2 



37-8 
36-8 



Mar. 
X-X7. 



35-0 



35-4 
35-2 



38-2 
367 



1 

o 

34*3 



347 
33'3 



368 
35*6 



The Table shows that at 1 foot below the surface, the greatest cold for the 
winter was refbched during the first seventeen days of March. The lowest 
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mean was 82°* 5 at Norwood. The mean temperature of the soil at 1 foot 
below the surface was generally about 2^ in excess of the mean air temperature. 
Norwood, however, is a marked exception to this, the temperature at 1 foot 
being in good agreement with that of the air. In January, the earth tempera- 
ture at 1 foot was from 2° to 8° below the average over the whole country, 
whilst in February it was from 4^*5 to 6°*5 below the average. The first 
seventeen days of March, however, show a much larger defect on the average, 
the deficiency ranging from 6^*8 at Lowestoft to 8^*5 at Norwood. The 
absolute range of temperature was generally much less from March 1st to 17th 
than in January or February. At Norwood, the temperature at 1 foot was 
below 88° from March 1st to 19th, but it did not M lower than 82°-l. The 
temperature of the soil at 2 feet was generally about 2P in excess of that at 
1 foot, but at Lowestofb the excess from February 1st to March 17th only 
amounted to 0°'2. 

All of these ilEtcts show that the recent winter was one of the longest 
experienced for a long series of years, and in many ways it may be character- 
ised as most severe. 

A very cursory examination of the ships* logs received by the Meteorological 
Office tends to show that the abnormal conditions which prevailed over the 
British Islands, and, indeed, over nearly the whole of Europe, extended also 
a considerable distance to the westward. Ships traversing the North Atlantic 
observed a decided tendency to a low barometer in the early months of 1886 
in the locality where a high barometer generally prevails, and to the north of 
this low barometer, which seemed of a permanent character, strong and 
persistent Easterly winds were experienced. The principal Lightkeeper at 
Cay Sal, who spent the winter at Elbow Cays, states that the winter was very 
oold— -the coldest that the oldest inhabitant ever knew, and he believes the 
winter was the coldest known for a long time in the Bahamas. In Cum- 
berland Sound, Davis Straits, the winter was stated to be the coldest ex- 
perienced in the last eight years ; and reports from Spitzbergen also show 
that the winter was exceptionally severe. These facts tend to show a general 
reversal of conditions over a great part of the Northern Hemisphere, and 
doubtless would be very intimately related to our own exceptional weather. 

In conclusion, I have to thank the Meteorological Council for having so 
kindly placed the whole of their material at my disposal for the compilation 
of this paper, and I would also thank the Society for the use of its returns, 
and Mr. Marriott for the ready assistance afibrded. Mr. Symons and others 
have also helped me considerably by contributions of material. 



DISCUSSION. 

Dr. Tripe said that Mr. Harding had contributed a very useful paper, not only 
as affording a means of comparison with other severe winters, but also as regards 
the effects of cold on vegetation and on man. He was surprised the other day to 
see a number of double fuchsias and other comparatively tender plants throwing 
out shoots. The effects on man, with the exception of one or two weeks, were 
not so marked as in some other severe winters, in which a lower temperature and 
greater range had occurred. 

Mr. liAuaHTON hoped that Mr, Harding would be able to add to his very inter- 
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esting paper some notice of the remarkable extension of this protracted winter 
into May : an extension which, in the last week (May llth-15th), had buried the 
North of England in snow, and put a great part of tne Midland Counties under 
water. 

Mr. Baldwin Latham said that from his own observations it was clear that 
the past winter had not been so severe as that of 1881. The experience of the 
past winter showed that a long winter was much more injurious to vegetation 
than a sharp but short one like that of 1881. A passion flower, which grew in 
front of his house at Croydon, was killed in the last winter, although it survived 
the winter of 1881, and a similar plant in the same position was killed in the 
winter of 1879. It was curious to note at the present time, in spite of the past 
prolonged winter, the temperature of the ground at a depth of 2 ft 6 ins. was 
higher than it had been for some years past, and which, in a great measure, 
accounted for the very rapid progress made by vegetation after the extremely 
cold weather of March last. 

Mr. Dymond said that although seeds lying in the ground, and decidnooa 
plants, such as fuchsias, had, no doubt, not suffered to any great extent, evergreen 
shrubs, usually hardy, had been very severely nipped by the long continued cold. 
He had had laurustinas and similar shrubs greatly damaged, and in some cases 
killed down. 

Mr. C. O. BuDD remarked that the weather in Italy during the winter had been 
of a most exceptional character, and seemed to have very much resembled that 
experienced in this country. The early part of March was cold, but the latter 
half was fine. The spring was backward : on leaving the neighbourhood of 
Naples in May, the season was considered three weeks late. 

Mr. Mawley said that, as regards the comparatively little injury done to 
vegetation by the cold of last winter, and also with regard to the temperature of 
the ground at the present time, it should not be forgotten that during the keenest 
frosts the ground was thickly covered with snow. At the same time, however, 
he was greatly surprised to find, when pruning his roses in March, that the wood 
of many of the hardier varieties was quite sound almost to the tips of the shoots. 
He had expected to find out at once, through the discoloration of the pith, the 
exact height to which the snow had covered the plants, but this he had been 
unable to do, notwithstanding that the upper parts of these roses had been exposed 
on one night to a temperature below zero. In less severe winters he had uiown 
the shoots of his roses more seriously injured than they had been last winter. On 
the other hand, about half the gorse on Berkhamsted CJommon, which was situated 
high above the town, had been killed to the ground. The destruction of this 
latter was, however, no doubt as much due to the snow as to the cold. 

Mr. Hawes exhibited a diagram showing the number of days of skating on 
ponds at Weybridge, and gave some particmars respecting the condition of the 
ice. There were in all sixty-seven days' skating recorded between November and 
March. 

Mr. Gaster said that there were three distributions of barometric pressure 
common to the winter months which produce cold weather : first, when the pressure 
is high to the North of our Islands and low to the South ; second, when the 
centre of an anticyclone lies over the central parts of the British Islands ; and 
third, when an anticyclone lies to the Eastward of, but partly overlapping, these 
Islands. This last condition was that which obtained during the past winter, and 
gave such a long spell of cold weather without any very ereat extremes being 
recorded. With this distribution of pressure. Easterly wmds are drawn from the 
Continent across our Islands to the Atlantic, bringing with them the low tempera- 
ture of the region whence they are drawn. There are no means of ascertaining 
the distribution of pressure during some of the cold periods in the years long 
gone by referred to by Mr. Harding, otherwise an interesting comparison could be 
made and some valuable results obtained. In the case of the severe weather of 
January 1881 the second condition of pressure prevailed, and a study of tiiese 
pressure distributions would explain the different degree of intensity of cold 
experienced in the two winters. With respect to the bad weather prevailing 
during tlie past few days, referred to by Mr. Laughton, he remarked that when 
there were two anticyclonic areas, one lying to the northward of the other, the 
weather in the trough between the two systems was invariably of a most unsettled, 
rainy, thundeiy, and uncomfortable nature, 
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Mr. ScOTT stated that he remembered reading in Evelyn's Diary that at the 
close of the seventeenth century a succession of very late springs were recorded. 
(See note.^) 

Mr. SouTHALL said that the floods in the Wye and Severn had never before 
been known to be so great in May as during the past week. 

Mr. Symons said that in the West of England the present floods were almost 
without a parallel. At diy stations in Shropshire, upwards of 6^ ins. of rain had 
fallen in 2^ days. 

Mr. Lauqhton said that in the Trent valley the floods were very wide-spread ; 
and he had been told in the neighbourhood of Retford that they were higher than 
any experienced during the last forty-five years. 

Mr. Symons remarked that he ^believed at several places 1790 was the only 
year in which the floods equalled the present. 

Dr. Marcet said that he had noticed that the hawthorn was verv late in coming 
out this year. He also drew attention to the daily change whicn took place in 
the state of the ice in March ; while in the morning it would frequently be bearing 
well, by noon it became unsafe, assuming the colloid state described by Graham, 
and generally known as " rotten." 

I '*1688l April 29. The weather waa till now so oold and ahaip, by an almost perpetual Eaat wind 
which had continqed manv monthes, that there was little appearance of any spring, yet the winter was 
Tety faronmble as to frost and snow." 

" 1693, April 24. Very cold and unseasonable weather, scaroe a leaf on the trees." 

<* 1695, April 21. The spring begins to appear, yet the trees hardly leafed." 

" 1696, May 8, An extraordinary great snow and frost, nipping tne com and other fmits." 



DeSOBIPTZON of AN ALTAZIMUTH AmSMOMETBB FOB OOMTINUOUSLY BEOOBDIMa 

THE Vebtioal Angle as well as the Hobizontal Dibeotion and Foboe 
OF THE Wind. By Louis Mabino Gasblla. (Communicated by 
L. P. Casella, F.B.Met.Soc., F.B.A.S.) 

[Bead May 19th, 1886.] 

It appears umeoessary to dwell at length on the ozistenee of air otirrents 
moving in a direction more or less inclined to the plane of the horizon, for 
to any one at all acquainted with meteorology they most be an accepted, if 
not a self-evident, fact. 

Irrespective of the inclination. to the horizontal plane of the greater air 
currents, such as those shown upon Maury's well-known diagram, it is evident 
that the irregcdarities of snrface, in all but the most extensive plains, will 
tend to throw air currents into motions more or less inclined to the plane of the 
horizon. But most of all is it evident that observatories and other buildings 
are certain to affect air currents both horizontally and vertically, so that 
probably scarcely any pressure plate yet erected has experienced a wind at 
right angles to its surface. 

The existence of currents inclined to the plane of the horizon (which will 
for the future be spoken of simply as inclined currents) being conceded, the 
necessity for the study of their inclination and velocity is at once apparent, 
inasmuch as the primary object of meteorologists in studying the direction 
and motion of the wind is to arrive at the laws which govern the circulation 
of the air by ascertaining the quantities which pass over and away from 
fixed points* 
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The fact of the existence of such currents haTing been recognised by 
meteorologists for, at any rate» a considerable number of years, it appears 
remarkable that little or no discussion of the subject has taken place at the 
International Meteorological Congresses, but such is believed to be the case ; 
the matter was referred to at Bome in 1879, by Professor Plantamour and 
Dr. Wild, but was scarcely considered. 

The instruments chiefly used for measuring the velocity and force of the 
wind are Bobinson's Cup Anemometer and Wild's Swinging Pressure Plate ; 
there are also some of Osier's Pressure Anemometers and similar instruments 
in use, but the number is comparatively small. 

Bobinson's Anemometer, although it receives the true horizontal com- 
ponent of the wind whether the currents are ascending or descending, is 
unsatisfactory, inasmuch as its co-efficient has not been definitely settled, 
and apparently varies with the length of arm and size of cup ; nevertheless, 
no fixed rule of construction has been adopted, and the instruments in use 
vary indefinitely in both particulars, with the results that their indications 
are not comparable inter se. 

Wild's Pressure Plates, although more comparable one with another, are 
open to a di£ferent objection. The plate being pivoted at the top, presents 
a varying angle to the wind when inclined from the vertical, with the result 
that while an ascending current will strike it at a right angle a descending 
current will meet it at a very acute angle. 

It is impossible to say at what date the inclination of the air currents was 
first considered ; but more than 100 years ago an anemometer for indicating 
inclination currents was designed, and several have been described since. 
Mr. J. E. Laughton, in his Historical Sketch of Anemometry and Anemometers,^ 
mentions the following instruments designed to indicate inclination cur- 
rents, and gives references to the works in which they are described and the 
dates at which the descriptions were published ; there is, however, no proof 
that these anemometers were all practically tried or even constructed : — 

Date. Inventor. Where described. 

1781. Dalberg. Bozier, Observations sur la Physique, Vol. XVII. 

p. 488. 
1801. Benzenberg. Gilbert's AnnaUn, Vol. Vm. p 240. 
1840. Cacciatore. Annuario della Societd Meteorolopca Italiana, 

Vol. I. p. 201. 
?1855. Dollond. 
1866. Hennessy. Brit. Ass. Rep. 1866, Part TL. p. 40 ; and 1867, 

Part n. p. 80. 
1881. Dechevrens. Sur VInclinatson des Vents (Observatory of 

Zi-Ka-Wei). 
With the exception of the last of these nearly all exhibited merely the in- 
clination of the currents from moment to moment, and did not give a 
continuous record ; but Dechevrens', the most recent, although indicating 

1 quarUrlp /oumal, Vol. YIIL p. 161, 
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only the horizontal and vertical directions of the wind, and taking no 
account of its velocity or force, is self-recording and is worthy of a short 
description. 

A balanced doable vane, i.e. a vane with both vertical and horizontal plates, 
is mounted on a horizontal axis, supported by a copper stirrup, soldered to 
the extremity of a tubular shaft which descends into the Observatory. At 
the lower end of this shaft is a zinc cylinder floating in a vessel of water 
and glycerine ; this cylinder supports the shaft, vane, driving clock and 
drum for recording the inclination of the air currents, and being unattached 
to the vessel in which it floats, turns freely with every direction of the vane. 
Attached to the axis on which the vane swings is a grooved pulley, over 
which passes a light chain, one end of which is flxed to the pulley and the 
other end passes down the vertical shaft to the top of the zinc float, where it 
gives motion to a light metallic lever which traverses the shaft by two longi- 
tudinal slits ; this lever carries a pencil which traces an arc of a circle on a 
cylinder driven by a clock. The whole of this apparatus being, as before 
mentioned, carried by the float, turns with it as the wind shifts. The 
horizontal direction of the wind is recorded on a separate sheet. On the 
vertical shaft carrying the vane there is a flxed toothed wheel, which engages 
with a similar toothed wheel flxed to a paper covered cylinder ; this cylinder, 
therefore, turns to the same extent as the vane, but in an opposite direction; 
a pencil is drawn along it by a clock, and the position of the pencil mark on 
the paper indicates the direction of the wind at any moment.^ 

This instrument appears to be of a rather elementary description and 
somewhat incomplete, inasmuch as it records neither the velocity nor the 
pressure of the wind ; and although the indication of the inclination is all 
that could be desired, the method of obtaining the horizontal direction by 
carrying the whole apparatus on a float seems unsatisfactory, and the amount 
of work thrown on the vane must be very great. 

As so frequently happens, one inventor works without knowing what his 
predecessors have done, so, until my anemometer was completed, I had no 
idea that any instrument had been constructed for indicating the inclination 
of air currents. The anemometer which I have designed and constructed, 
and now have the honour of exhibiting to the Royal Meteorological Society, 
diflers in nearly every respect from that of Dechevrens and all the others of 
which I have heard, recording continuously on one sheet of paper the pres- 
sure, direction and inclination of the wind with all its changes, the pressure 
plate bemg always maintained truly at a right angle to the wind. I have 
adopted a record of pressure, in preference to one of velocity, for the reason 
mentioned before, viz. the uncertainty attaching to the indications of Robin- 
son's cups or any other description of fan, inasmuch as the co-efficient of such 
cups or fans has not been satisfactorily ascertained. 

1 Dechevrens in his pamphlet {Sur VInclinaUon des VenU, Ghang-hai, 4to. 1881) 
figures also a vane of this desoription, with a set of Bobinson's cups attached to it, bq^ 
4oe8 not describe it or suggest any method of reoording its indications, 
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In this description the three records will be dealt with separately and 
somewhat generally, a detailed account being given in the specification of 
the patent.^ 

The apparatus for indicatmg the direction of the wind consists of a vane 
(Fig. 1.) constructed of a pair of diverging blades fixed to a cap, mounted so 
as to rotate about a vertical axis, the motion of this vane being transmitted 
by a vertical tubular shaft; passing downwards through the usual fixed column 
to the registering mechanism. This tubular shaft;, called the direction tube> 



Fia. 1. 




is made to operate the styles which record its movements through the 
medium of pinions and wheels, conveying motion to two discs, which are 
made to carry pencils in a vertical position and equi-distant ; three styles 
are used, so that one is always ready to enter on the scale at one side when 
another leaves it at the other side. (Fig. 2, p. 250.) 

The apparatus for indicating the inclination of the wind, that is, its diver- 
gence from a horizontal plane, consists of a similar vane (composed of a pair 



^ Specification of Louis Marino Casella. Apparatns lor indicating and recording 
the pressure and direction of the Wind, a.d. 1882, 80th December, No. 6940, 
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Fig. 2. 




of diyerging blades), monnted on a horizontal axis within the direction-vane, 
so balanced as to assume normally, when no wind is blowing, a position in 
which its longitudinal axis is horizontal. To insure this, the vane is brought 
to a condition of stable equilibrium as closely approximating to that of 
instability as it is possible to bring it. 

The oscillating motion of this inclination vane is transmitted to its regis- 
tering mechanism by a tubular connecting rod, jointed to the vane by a paur 
of links, which move up and down inside the direction tube ; the inclination 
tube is so connected with the carriage of a style. Thus its longitudinal 
motion only affects the latter, which thus records upon the scale the oscilla- 
tions of the vane due to the varying inclination of the wind. 

The pressure plate is a disc having an area of 1^ square feet fixed to a 
guide rod, fitted to slide between pairs of guide rollers in the firame of the 
inclination vane, and moving with it. This plate should have had a cone at 
the back, which was omitted in its construction. In order to prevent the 
varying positions of the pressure plate affecting the balance of the vane, its 
motion is constantly and exactly compensated by a moveable weight running 
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on rollers, so arranged that the weight moves to a proportionate extent in 
the opposite direction to the pressure plate, so as to maintain the halance of 
the vane in all positions of the pressure plate. The motion of the pressure 
plate is transmitted to the apparatus for measuring the force by means of a 
chain attached to the guide rod of the plate, and passing down over a pulley 
through the tubular shaft of the inclination vane. To prevent the weight of 
this chain affecting the accuracy of the records, it is exactly balanced by a 
counterpoise hanging in a casing carried by the cap. In this way the pres- 
sure plate is kept perpendicular to the direction of the air current, not only 
in azimuth but also in altitude. 

The apparatus for measuring the pressure consists of a cistern containing 
mercury and a displacement plunger immersed therein, connected to a frame 
of guide rods joined together above and below the mercury cistern, which 
works up and down against guide wheels mounted around the cistern, the 
chain being attached to the bottom of the frame. The plunger has a varying 
ratio of displacement for successive depths of immersion, so that the scale 
may be open for the smaller and compressed for the greater (and less frequent) 
pressures. In order to check the motion of the plunger and avoid inaccuracy 
in the indications, due to the momentum of the parts, the lower end of the 
plunger is provided with a disc fitting more or less closely to the sides of the 
mercury cistern, so as to prevent the too rapid passage of the mercury from 
one side of the disc to the other. Great care and consideration have been 
devoted to this part of the mechanism, the most suitable size for the disc 
being decided by actual experiment, so that, while the evils due to momentum 
are avoided, the registration is not rendered at all sluggish, the pencil in the 
instrument exhibited returning to zero in three seconds after displacement. 

The frame is connected to the carriage of the marker for registering the 
motions of the plunger by means of a bell-crank lever. The carriage carrying 
the recording pencil is mounted to travel upon rollers running upon the 
oppositely bevilled edges of a horizontal bar and rollers running on the 
front and back surfaces, by which it is truly guided with the least possible 
friction. The markers are all metallic, sliding in sockets and pressing by 
their own weight or by springs on the paper. The scales for the different 
records are marked upon a single sheet of paper wrapped round a cylinder, 
rotated at a uniform speed by a clock movement in the usual manner. 

Throughout the whole apparatus the greatest care has been devoted to the 
construction, so that friction is reduced to a minimum, almost all moving 
surfaces running on rollers; at the same time all the moving parts are 
carefully counterbalanced by moving weights, so that, no matter to what 
extent they may vary from their normal position, they are always truly 
balanced. 

The plunger in a cistern of mercury for receiving the pressure of the wind 
acts witii perfect success, and obviates the well-known difficulties attaching 
to springs on account of their varying elasticity, which is affected by the 
constant changes of temperature, and also their gradual deterioration ; weights 
also are unsatisfactory, as it is almost impossible to overcome their momen- 
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turn, which, in gusty weather especially, has a tendency to exaggerate the 
record both of the force of the wind daring gusts and its diminution daring 
lulls. 

The apparatus has been in action for about six months, mounted on the 
roof of a building in Holbom about 80 feet above the ground and 20 feet 
above the roofs of the houses. Several of the record sheets are exhibited to 
the meeting. 

As would naturally be expected in such a position, the inclination from the 
horizontal plane is very great and varies rapidly and frequently, while at the 
same time the records of pressure are in all probability too small. 



DISCUSSION. 

Mr. Lauohton thought that the register of inclined pressure shown by this 
instrument might give a false idea of force of wind, especially in the case of 
anemometers placed on high buildings ; for their records would indicate the 
upward force of the accumulation of air against the wall of the building. In his 
opinion the proper position for anemometers was on the top of a pole in an 
open plain. He asked if Mr. Casella had any reason for making the pressure 
plate one foot and a half in area, as pressures are generally quoted in pounds 
per square foot, and, as existing observations do not show that the pressure on 
one square foot is Jrds of that on a foot and a half, it seemed almost a pity tliat 
the size of the plate had not been restricted to the unit of measurement. 

Mr. Stanley said that some years ago he constructed a vane for the purpose 
of testing the angle of the wmd^s inclination. This vane was made in such a 
manner that, if necessary, it could turn completely over. The indications of 
this instrument were observed for some time, and he had found it often showed 
an inclination of 30** or 40**, and frequently toppled right round. Mr. Casella'^ 
plan of the plunging rod in mercury he had himself patented as a part of an 
instrument in 1872, but he was sure tnat Mr. Casella had re-invented this plan. 

Mr. Scott stated that at the International Meteorological Coneress of Vienna, 
in 1873, the late Prof. Donati announced that he had constructea a wind vane to 
show the direction of the wind in altitude and azimuth (^Vide Report of the Con- 
ffress of Vienna^ p. 18). 

Mr. KAMSAY mquired whether a description could be found anywhere of the 
instrument used by Prof. Hennessy in his experiments on the inclination of winds, 
which were embodied in a paper read before the British Association. 

Mr. Syhons said that Mr. Laughton's criticisms of the indications afforded by 
this instrument were equally applicable to most of the anemometers erected. He 
thought it was extremely important that the vertical component of the wind force 
should be registered. The novelty of Mr. Casella*s instrument was that all three 
elements, direction, pressure, and mclination, were recorded by it simultaneously. 

Mr. J. S. Harding said that the Fellows might be interested to know that ni 
the last published number of the BolktHno Mensuale della Socieih Meteorologica 
Italiana (tor February 1886^ there was a description of a " Modification of 
Denza^s Anemograph, for ootaining the direction of oblique winds, and for 
obtaining greater sensibility in Robinson's Windmill- vane," by F. Cravero. The 
tail of the wind- vane is formed of a hollow cone, around which are soldered four 
valves, arranged in the vertical and horizontal planes. The arrow-head has a 
counterpoise which keeps the vane in equilibrium when there is no wind. Tlic 
anemometer records both the direction of the wind and its inclination upon tlie 
same paper, both being traced continuously by two pencils. The angle of the 
wind's oDUquity is easily calculated from the trace, as this occupies a place to the 
left or right of a zero line on the paper, according as the axis of the vane is 
inclined below or above the horizontiU« The article is accompanied by plates 
illustrating the working of the anemometer. 

Mr. Archibald said he had found, in the course of his experiments with kites, 
that they rose higher with some winds than with others. For instance, he had 
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noticed that the kite rose higher in West winds than in North-east or East winds 
blowing with equal force. He supposed this must be due to inclination, some 
winds having a downward tendency. His kites rose best with North-west winds. 
He thought that anemometers should be placed much higher than they usually 
are. In going through some volumes of meteorological observations made in 
India, he nad found that although the anemometers were placed at heights vary- 
ing from 5 to 70 ft. the observations were treated as being of equal value. It 
was very desirable that the International Committee should settle upon an 
uniform height for the erection of anemometers. 

Mr. SouTHALL said he was about to erect a vane, and should very much like to 
know the most suitable elevatibn at which it should be placed. 

Mr. Lecky said there were many good points about Mr. Casella*s instrument, 
and it was a distinct advance in the right direction. 

Mr. W. H. Dines thought that it was more important that anemometers should 
be placed in a position free from the eddies of trees and buildings, than that they 
should all be placed at the same absolute height above the ground. From some 
rough experiments which he had made, he believed that an anemometer would be 
found in many cases to show from thirty to fifty per cent, more wind when 
placed 10 feet above the roof of a house than when placed 20 feet above the 
same house. He also thought inclined currents must be quite local, for an 
upward current could not exist over an extensive area without very quickly 
exhausting the air from the centre at least of such area, a phenomena whicn 
certainly did not occur. 

Mr. L. P. Casella, replying on -behalf of his son, who was unavoidably absent, 
said that in considering the question of anemometers and their indications it was 
always desirable to remember to what uses the indications of the instrimicnt 
were to be applied, whether for engineering purposes or for meteorological 
purposes alone, to both of which the present one was equally adapted, whether 
as indicating the angle direction and force of the gust that blew down the 
Tay Bridge, or direction and power of the wind at the higher altitudes attained 
by the kite to which Mr. Archibald had referred, as such considerations must be 
dealt with in placing the instrument as well as in reading its indications. Re- 
garding the size of the plate, he believed that it was not necessary that it should 
be limited to 1 J foot in area. The plunging rod arrangement had been adopted 
in preference to springs, which were bable to corrosion, and also because the 
Indications could be registered with greater ease and certainty by using mercury 
in the manner adopted in this instrument. 



Earth Temperatures, 1881-1885. By William Marriott, F.R.Met.Soc, 
Assistant- Secretary. 

[Bead May 19th, 1886.] 

Obsebvatioks of the temperatnre of the soil at various depths below tho 
surface have been regularly made at several of the Society's stations during 
the past five years. I beg to submit the results of these observations, and 
also of those from other stations where observations have been made during 
any part of the lustrum 1881-1885. 

The observations have in almost all cases been made with Symons*s Earth 
Thermometer. The apparatus consists of an iron pipe driven into the 
ground to the required depth, and a small but strong thermometer, the bulb 
of which is so protected that no change of indication occurs when the ther- 
mometer is drawn out of the tube for reading. The pipe is closed at the 
bottom by welding, and the point hardened so as to penetrate the soil with 
ease and to keep it water tight. For depths under two feet the thermo- 
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meter is inserted in a light rod, bat for all greater depths it is mounted in a 
short weighted stick attached to a strong chain. The top of the pipe is 
closed with a tight fitting brass cap. 

The instroments are placed beneath the soil in open situations, and are in 
all cases under grass, though at some of the stations the grass extends only 
a short distance from the instruments. 

Observations have been made at the depth of 8 inches at two stations ; at 
6 inches at five stations; at 1 foot at twenty stations; at 1^ foot at one 
station ; at 2 feet at eight stations ; at 8 feet at one station ; and at 4 feet at 
six stations. 

The readings have been taken once daily, viz. at 9 a.m. 

Table I. gives the mean temperature of the soil at the various depths for 
each month and for the year, together with the highest and lowest observed 
readings and the dates of their occurrence during each year. 

As the observations are only taken at 9 a.m., no information can be 
obtained as to the character and amount of the diurnal variation of tempera- 
ture at the various depths beneath the soil. Some years ago Mr. Symons 
discussed the observations made at the Royal Botanic Society's Ckurdens, 
Regent's Park, during the six years 1871-76, and found that the results for 
July showed ** that the temperature of the soil, 8 inches deep, rises from 64^*9 
to 75^ between 9 a.m. and 8 p.m., falls from 75^ to 67^*2 by 9 p.m., and 
probably still lower during the night, rising again to 64°*9 by 9 a.m. the 
next day. The 6 inch thermometer shows similar changes but to a lesser 
extent, and as the 9 p.m. temperature is 4^*9 above that at 9 a.m. it is 
evident that both the minimum and maximum temperatures occur consider- 
ably later in the day than at 8 inches below the surface. The 1 foot thermo- 
meter shows 2^*8 difference between 9 a.m. and 9 p.m., and an exactly 
intermediate reading at 8 p.m. ; it is therefore probable that the soil at a 
depth of 1 foot is coldest at 9 a.m. and hottest (not at midday) but at 9 p.m. 
At 2 feet below the ground the temperature at the three observation hours 
only differs by 0°'l, being identical at 9 a.m. and 8 p.m., and 0°*1 colder at 
9 p.m. The 4 feet thermometer shows no difference whatever. In winter 
these daily ranges are of course very much smaller, in fact, scarcely one-tenth 
of what they are in July." 

Table 11. gives the mean monthly and annual temperature of the soil for 
the five years 1881-85 for such stations as are complete for that period. 

Table m. gives the mean monthly and annual temperature of the air 
(mean of maximum and minimum) for the same stations during the same 
period. 

On comparing the results in these Tables it will be seen that the tempera- 
ture of the soil at 1 foot at nearly all the stations in the winter months is 
almost the same as that of the air, while in the other months of the year the 
temperature of the soil is higher than that of the air at all except the London 
stations. This is no doubt duo to the fact that in winter there is but little 
power in the sun's rays to affect the temperature of the soil, while in the 
other months of the year, as the sun rises earlier, he has greater power to 
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TABLE U. 
Mbam Eabth Tbmpbratube, 1881-1885. 



Station. 



3 Ins. 

Aspley Guise 

6 Ins. 
Aspley Guise 
Marlborough 
Babbacorabe 

1 Ft. 
Lowestoft .,,, 
Aspley Guise 
Regent's Park 
Isleworth .... 
Norwood , . , . 
Marlborough . . 
Southampton 

Cardiff 

CuUompton .. 
Babbacombe • . 

li Ft. 

Marlborough . . 

2 Ft. 

Aspley Guise 
Isleworth , . . . 
Lowestoft .... 



3-2 Ft. 

Greenwich , . 

4 Ft. 
Aspley Guise 
Begent's Park 
Cardiff ...... 

Lowestoft .... 



36-9 
37-a 



38-8 
39-2 



40-1 46-3 



40-5 



388 
37-6 
387 
38-5 
38-7 
38-7 
40-8 
41-2 
407 
42-4 



40- 

39-4 
40*0 
40-2 
40' I 
40-4 
42-2 
42-6 
42*4 
44-0 



46*1 



54-9 



S3'8 



6i-8 



6o"5 
6o*i 



6S-. 

64*2 

63-4 



62-2 

6i'9 
61-5 



41-4 46-5 
4ri 46-3 

407! 45*4, 
417J 46*6 
41-31 46-0 
41-9 46-9 
437; 48-5 
42'9\471 

43'6,47*3 
4S'3 49*6 



39'5 
407 
39-2 

417 
41*9 

42'0 



407 
41-3 

40-2 



417 



42-5 4.6-8 
42-8 467 



52-6 

53*5 
52-9 

537 



58-3 
6o-2 
59-2 
59-6 



527J 587 
542. 60- 5 
54*5 6o'o 
62-5\ 58-4 

53'S 59'* 
5 5 'I 6o'8 



41-5 



437 



41*8 43'o 
41-2 4"*9 



42'2 



42*0 



42*8 



53'i 
52-8 

46-4, 5i'4 



46*8 

457 
440 



457 



51-8 



597 

59*5 
58-5 
58-3 

57-8 



50*3 55*8 
487; 54*9 



49'8( 547 



62*5 6i'3 



64* I 

63-1 
63-2 



62'X 

61-9 
62*0 



627 61-4 
637 62-3 



63-3 

61-8 
63*8 

62*9 

63*5 
62-3 



622 
61M 
6i*8 
6y6 

^2*4 

62-6 

62-2 



62*5' 6i*9 



62-1 



597 
59*> 



62-6 



60*4 
603 
577 
587 59*> 



56-8 



57*0 
56-5 
59-0 

57*3 
57*2 
57'o 

577 
57-1 
57-8 
58-5 
57*3 
577 
6o' 

58-5 

58-4 
58-8 
58-2 

597 

58-0 

58-2 
56-8 

57*1 



48*0 

48-5 
47-8 
519 



41-9 37'6 

42-5 381 
41-4 38-2 
47-2 422 



2 447,40' 
o!43-o;38 
5 43*9; 39 



44*0 39 7 

43*9 39 

439 39 



46-3 42 

46*4! 4* 
7^ 46-1 (41 

4' 48*4 43 



511 



45-2 



5'*4 45'3 
52-4' 46-8 

S«'5|45*7 



49** 
49" I 



49'5 
49*3 
49'4 
49'7 
49*3 
49'9 

So'4 
50-5 

5»-S 



407 

40-8 
42*3 
40*9 



543 49»o 44'6 



50-3 
50*6 
49*9 

5'*5 



50-1 
49*6 

49*7 



TABLE m. 
Mean Aib Tempebatuiib, i 881-188 5. 



Station. 



Aspley Guise 
Regent's Park 
Isleworth . . . , 
Norwood .... 
Greenwich. . .. 
Marlborough . . 
Southampton 

Caidifit 

CuUompton .. 
Uabbacombe . . 



Lowestoft 38-3 

'3 
8 
•z 

7 
•4 



^ 



40-9 
40*6 
42*0 
42*0 
42-j 
41-9 
81 41*0 



7| 42-2 42-3 



91 417 



9 41-6 42-4 






41*2 

4ro 
42*6 
42-4 
42-4 
42*4 
410 



42'9 



6! 43*8 



43'6 



456 

47*5 
47*4 
470 

47'4 
45'4 
469 

47*4 
46*3 
46*6 



50*6 
5f6 
53'5 
53' 
53» 
53-8 

5i-3| 
52-1 
52-9! 
5"7 
5>*9l 



55*8 606 597 
57-1 6r2 597 
58-9 63*0 
58-8 62-4 






58-6 

59'3 
567 
57*6 



6 1 '6 
6i-j 
6i-3 
62*2 
591 



62-6 

637 

60*5 

6o*8 60*2 
58*0! 6i*2i 602 
56*8 6o'i 59-1 
57-0 60*31 60'* 



567 
55-6 
57'3 
57-0 
56-8 
57-2 

55'3 
564 
56-4 
557 



7 
■6 
"6 
6 
I 

•6 

8 

■6 

56*6 50*2 



3 44'i 
2! 42-6 

44'5 
44*0 
44'2 
U'z 
427 
44*3 
45*0 
45'o 
46-8 



39*5 



39*7 
38-6 
400 
406 
40*6 
426 



39'6 48*5 
38-0 48-1 
400 49-9 



49*5 



40*0 49*61 



49*9 
48*0 

49*2 
49*7 
491 
SO' I 
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warm np the surface of the soil, and there is also a longer interval between 
the time of the TniniTnnm air temperature and the 9 a.m. observation. 

At the London stations the temperature of the air and soil agree very 
closely throughout the year, especially in the summer months. This appears 
to be due to the nature of the soil, which is clay. 

At Aspley Guise there is a much greater range in the temperature of the 
soil than at any other station. At this place the soil is very light, being 
of a sandy nature. 

Mr. Buchan has shown <*that light soils are subject to a greater degree of 
frost near the snrface than strong clay soils, but that frosts do not penetrate 
so far down into light soils as into strong clay soils, the explanation being 
that light loose soils are worse conductors of heat than strong clayey com- 
pact soils. Hence the heat which is radiated to the ground from the sun 
during the day, being less quickly conveyed downwards into light sandy soils 
by conduction, will be left to accumulate, so to speak, nearer the surface than 
in the case of strong heavy soils.*' {Joum. Scot, Met, Soe. Vol. 11. p. 277.) 

Possibly the clay, being a damp S(m1, may be cooled by the evaporation of 
some of its moisture on the surface. 

The results show that .the warmest year was 1884, and the coldest 1885, 
and in some cases 1881. The mean temperature at 1 foot in 1884 was 
about 2P warmer than in 1885. 

The highest temperature observed at 1 foot was 78^*2 at Aspley Guise in 
July 1881. The lowest temperatures observed were 27°'0 at Aspley Guise 
and 81^*2 at Isleworth, bo.th in January 1881. These are the only stations 
where frost penetrated the soil to the depth of 1 foot. 

It is to be hoped that at the end of the next lustrum there will be a much 
larger number of complete returns available for instituting a more .detailed 
comparison between the temperature of the air and the temperature of the 
soil. 



Note on the Aptke-olows of 1888-1884. By Abthub W. Clayden, M.A., 
F.R.Met.Soc., P.G.S. 

[Bead May 19th, 1886.] 

The appearance of Professor Bicc6's paper^on the after-glows and attendant 
phenomena, coinciding with the publication of Dr. A. Biggenbach's pamphlet' 
on the same subject, has, to a certain extent, reopened the discussion upon 
their cause. 

If the attention be confined to the optical effects, which are too familiar to 
need description, there seem to be two theories of their origin, first, that 
those effects were produced by the dust ejected from Erakatoa during the 

1 Qvar. Jawr. Roy. Met. Soe. Vol. XII. p. 49. 
a See Beview in Nature, March 2$th, 1886, 
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great ernption in Smida Straits in Angnst 1888 ; secondly, that they were the 
consequence of an abnormal humidity of the air« I wish to make a third 
suggestion, which to some extent reconciles the two, namely, that the cause 
is to be found in the water vapour erupted from the volcano ; and that the 
dust and other ejecta played but a secondary part in the production of the 
phenomena. 

That there was a real sequence of events clearly and unmistakeably 
traceable back to the eruption was shown, almost beyond question, so 
long ago as December 8th, 1888, in Mr. Norman Lockyer's article in the 
Times. 

It is well known that in an explosive eruption such as the one referred to 
the chief substance ejected is steam. Mr. Lockyer, in the Times article, 
himself says ** millions of tons of matter, and perhaps millions of cubic 
miles of vapour, have been hurled into the upper air.'* He explains at length 
how water vapour could have produced the phenomena, and then goes on to 
argue that dust might very conceivably be able to do the same. 

The dust theory seems to rest upon the following points : — 1. The evident 
connection between the eruption and the phenomena. 2. During that eruption 
dust was thrown out in enormous quantities. 8. The phenomena could have 
been produced by volcanic dust. 4. Small quantities of such dust were 
observed to fall in various places very far removed from the seat of the 
eruption. 5. The evidence of the spectroscope. 

The first three points apply still more forcibly to the far larger quantity of 
vapour. The fourth is no argument to the contrary, because small quantities 
of dust must inevitably be swept along with the vapour. The fifth point is 
of much greater importance ; for what was this evidence ? Lockyer thus 
sums up Professor Piazzi Smyth's report : — " The rainband, a band produced, 
as I hold, by a special form of aqueous vapour in our air widely different from 
that which absorbs the blue, is now at a minimum, while the dry air band is 
at a tremendous maximum. He adds as a corollary — * The light, therefore, 
from that red haze has passed through an extra length of extra dry air.' " 

This seems to effectually dispose of the theory which refers the phenomena 
to exceptional humidity of the air, but it is no obstacle whatever to the theory 
I would suggest. Just as it has been shown that the great dust cloud might 
spread itself out into a thin layer encircling the earth, so also would the much 
vaster cloud of vapour which must have accompanied the dust. 

Now it has been calculated that the height of the reflectmg medium must 
have been about 40 miles. Let A T T^ X represent a part of the earth's 
circumference, with a thin stratum of ordinary cirrus cloud at B at a height 
of 10 miles, and another thin film of cloud at the altogether abnormal height 
of 40 miles. Then if we neglect the effect of refraction, B^ B A will represent 
the course taken by the last ray reflected to A from B, while C G A is that 
taken by the last ray reflected from C. Now calculation shows that if the 
radius of the earth is taken at 4,000 miles, B* B A is equal to about 1,180 
miles, while G^ G A is no less than 1,700 miles ; the additional distance being 
twice G B, and being wholly confined to the upper and drier regions of the 
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atmosphere. It is thus clear that so far as the rainhand and dry air hand are 
concerned, the difference in level of C and B is sufficient explanation. 




This does not exhaust the spectroscopic evidence. Other absorption bands 
make their appearance, bat these may have been caused either by the extra 
distance passed in very rare air, or quite possibly by some of the other ejecta, 
such as dust, sulphur dioxide, hydric chloride, and so forth, some of which 
would most probably travel with the vapour and exert their influence upon 
the sun*s light at 0^ The fact that the rainhand was at a minimum durmg 
some of the most brilliant displays may surely be explained by saying that 
it was when the air as a whole, or rather in its lower and denser portions, 
was driest it was also clearest, and so allowed both a brighter light to fall on 
the reflecting substance, and the reflected rays to be seen best. 

It seems then that the spectroscopic evidence does not in any way prove 
that the reflecting stratum was not chiefly cloud, necessarily composed of 
minute particles of ice. 

That dust could remain suspended for a great length of time of course none 
can doubt, but water vapour could most certainly remain longer. Even the 
cloud particles condensed from it would not weigh more than one fifth as 
much as equally small particles of dust, while the uncondensed vapour, 
weighing only about five eighths as much as the dry air beneath, would float 
until difiusion had mixed it with the air. Indeed, it does not seem so very 
wonderful to suppose that of some '* millions of cubic miles of vapour " 
projected through the atmosphere into a region where the pressure is a mere 
fraction of an ii\ch, enough should have escaped immediate condensation on 
the spot to expand into a layer surrounding the earth and floating aloft for 
months. The low pressure is a point of some importance because it will 
facilitate the expansion of the vapour, and will account for the extreme 
fineness of the precipitated particles,^ but will make it much more difficult 
to understand dust floating for so long. 

Finally, if the phenomena were due to dust only, how is it there are so few 

^ See Nature. 
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records of the fall of volcanio dost ? Sorely it should have been noticed, at 
least in those parts of the world where the effects were strongest, wherever 
there were observers to observe. If, however, they were mainly caused by 
water vapour, the condensed particles would slowly descend and evaporate in 
the lower regions of the atmosphere. 

It seems to me that if we suppose the great dust cloud to have spread out 
along the upper smrface of our air till it formed a layer encircling the globe, 
while the water vapour, which must have enfolded each dust particle in its 
own much vaster volume, was all condensed in a short time, we have then a 
phenomenon more wonderful and inexplicable than all the other marvels 
attending that great catastrophe. 



DISCUSSION. 

!itr. Archibald said that Mr. Clayden had only looked at one side of the case. 
All his calculations were based upon the assumption that the secondary glow was 
the reflection of the direct rays from the sun, whereas it was certain from an 
examination of the information received that the secondary glow was a reflection 
from the primary. This really disposed of the whole of Mr. Clayden^s arguments, 
as the height of the dust was thus reduced from 40 to 13 miles. He then referred 
to spectroscopic observations made in Madras and Edinburgh, whicli confirmed 
the dust theory, and remarked that the experience of astronomers served to show 
that the effects were most certainly due to something besides water vapour. With 
regard to the possibility of dust remaining in suspension for a lone time at any 
great heieht, a formula of Prof. Stokes showed that the dust could be as easily 
suspended at a great height as at the earth's surface. 

Mr. Stanley said the laws of vapour were well known. At certain altitudes 
the tendency of vapour was to condense and descend inSdrops. Mineral particles 
could not condense. In a paper read before the Society/ he had considered the 
possibility of the after-glows being due to fine dust particles remaining floating 
m the upper air from Krakatoa. He had since thought of two conditions which 
would strengthen his hypothesis : — 1. That the heat of the volcanic eruption 
would form an upward current or climbing through the air, which would cari^ 
fine dust particles up to a distance much beyond that due to the force of their 
original progression. 2. That a particle projected from the earth would carry 
with it a minus velocity e(^ual to the difference of circumferential velocity at 
the original place, and at its final place of extreme projection, and this would 
form a factor of horizontal projection where gravity would have small influence, 
and very rarified air less resistance than near the earth. 

Mr. Kamsay inquired at what temperature it was possible for all aqueous 
vapour to be withdrawn from the air, and instanced such temperatures as those 
registered in the Arctic regions. 

Mb. Clayden, in a note to the Secretary, said that he did not see how the 
reduction of the height of the reflecting material from 40 to 13 miles disposed of 
his arguments. If the light of the secondary glow was a double reflection it 
must have passed through a thickness of about 645 miles of air more than the 
light from a primary one. The argument, therefore, remained unaltered, though 
resting on a somewhat different basis. He had not attempted to deny that the 
effects may have been partly due to dust, nor that great Quantities of dust may 
Iiave remained suspended for some considerable time. What he maintained was 
that wherever dust went, there also must water vapour have gone in much 
greater quantity ; and therefore there is aprimdfaeie reason for attributing the 
effects chiefly to it The advocates of tlie dust theory do not seem to have yet 
adduced any argument to the contrary ; nor to have attempted any answer to 
the questions suggested in the last paragraph of his note. 

I Quarterly Joitrnal, Vol. X. p. 187. 
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The Floods of May 1886. By William Mabriott, F.B.Met.Soc., Assistant 
Secretary, and Fbederig Gasteb, F.B.Met.Soc. 

[Bead June 16th, 1886.] 

The month of May 1886 will long be remembered for the heavy rains that 
occurred between the 11th and Idth, and the disastrous floods they produced 
over the greater part of the West and Midland Counties of England ; at 
Worcester the flood was higher than any that have occurred there since 
1770. 

Rainfall. — On Tuesday and Wednesday, the 11th and 12th, heavy rain 
fell over the East of Ireland, there being more than 8 inches during these 
two days at several places in the Counties of Down, Dublin, Meath and 
Wexford, and also in the Isle of Man. The greatest falls reported were : — 
8*52 ins. at Kilkeel ; 8*44 ins. at Fassaroe (Bray) ; 8*84 ins. at Seaforde ; 
8-17 ins. at Navan; 8*01 ins. at Newtonwards; and 8*28 ins. at Cronk- 
bourue, Douglas, Isle of Man. Several streams overflowed their banks, and 
traffic on the County Down Railway had to be suspended. 

Over the other parts of the United Kingdom the rainfall on the 1 1th was 
under 1 inch. 

Rain, however, commenced falling about noon on Tuesday, the 11th, over 
the Midland Counties of England, and continued, but with increasing inten- 
sity, till Friday morning ; the duration at most places being about sixty and 
in some places nearly seventy hours. 

The heaviest fall occurred in Shropshire, where during the three days more 
than 6 inches fell at several stations, and at Burwarton as much as 7*09 ins. 
was recorded. At Church Stretton, 4*12 ins. is reported to have fallen on 
the 18th. 

The accompanybg Table gives the rainfall for all stations at which the 
total during the three days. May 11th to 18th, exceeded 2 inches. 

The distribution of the rainfall is shown in fig. 1 (p. 272). From this it is 
seen that five inches or more of rain fell all over the South of Shropshire, and 
also near Sheffield ; four inches fell over Shropshire, Hereford, Monmouth, 
Montgomery, and parts of the adjoining counties ; and also on the borders 
of Derbyshhre and the West Riding of Yorkshire. Three inches fell over the 
Western Counties, Nottingham, Derby, the East of Wales, the Isle of Man, 
and parts of Counties Down and Dublin. Two inches fell over the whole of 
the Western Counties, portions of the Midlands, Lincolnshire, Yorkshire, 
Lancashire, nearly the whole of Wales, and the Eastern parts of Ireland. 
One inch and upwards fell over nearly the whole of England, and the greater 
part of Ireland. In Scotland very little rain fell, the greatest amount during 
the whole period being 0*29 in. at Nairn. 
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Statiohs at which thb Baikfall ( 


>iiMatiithtoi3TH 


, 1886, 


EXCEEDED 2 ImCHSS. 








BainfalL | 


station. 


Comity 




















nth. 


12th. 


13th. 


Total. 


Englasd, N JI. 




In. 


In. 


In. 


In. 


Oreenhow, Ingleby 


York 


•oi 


•SI 


2-17 


2*69 


Miokl^, Bipon 


n 


•03 


1-59 


•59 


2*21 


Houghton 


«i 


•10 


•ao 


1-86 


2-i6 


Brigg 




•07 


•58 


I '44 


2'09 


Backnall, Homcastle 


1* 


•13 


•35 


r6o 


208 














Wakefield 


York 


•13 


'•75 


IIO 


2-98 


Stanley, Wakefield 


»• 


•07 


1*40 


roo 


»'47 


Bedmires, Sheffield 


fi 


•37 


*-44 


Z.44 


S**5 


BiTelin, 


11 


•z6 


2'IO 


2*25 


4-6i 


Grookes, „ 


»i 


•22 


1-92 


1-98 


4-12 


Ghat8Worth 


Derby 


•30 


1-81 


ri9 


4*30 


HoUoway, Wirkaworth 


» 


•43 


2-48 


1-90 


4-8i 


Belper 


-»» — 


•17 


r8i 


1^26 


VH 


Oakamoor 


Stafford 


•17 


1*10 


1-56 


283 


Cheadle 


t» 


•17 


I'20 


1-65 


3'" 


Hoar Cross, Abbot*s Bromley 


ft 


•3* 


r6i 


1-90 


3-83 


Hengoed, Oswestry 


Shropshire 


1-58 


1-92 


I -60 


5-IO 


Btintiiigsdale, Market Drayton 
Willey Park, Much Wenlock 


It 


•39 


•75 


2-35 


349 


»f 


•SO 


2-04 


2^21 


475 


Woolstaston 


f) 


•58 


2-42 


3'3a 


632 


Preen, Church Stretton 


I* 


•44 


2*22 


3»5 


591 


Larden Hall, Much Wenlook 


»• 


•35 


»75 


330 


6*40 


Borwarton 


ft 


•60 


3-IO 


3*39 


7-09 


Chnreh Stretton 


tt 


, , 




4*12 




Middleton-in-Chirbnry 


»» 


•49 


1-39 


a'34 


422 


More, Bishop's Castle 


i> 


•47 


1-67 


3*59 


573 


Bishop's Castle 


i« 


•57 


175 


330 


5-62 


Stokesay 


>* 


•54 


2'20 


2-57 


5*3' 


Gleobory Mortimer 


»» 


•33 


2-o8 


2-32 


473 


Bhos-y-perfedd, Qarthbibio 




•41 


1-97 


•85 


3-»3 


Llanwnog, Camo 


f» 


1^ 


•98 


2-70 


4*3 


Tybrith 


II 


•82 


i-io 


223 


415 


Battington, Welshpool 


II 


•90 


1-30 


2-6s 


4-85 


Charohstoke 


fi 


•68 


1-37 


2-78 


4-83 


Downton, New Badnor 


Badnor 


SI 


1-69 


2-8i 


5-01 


Penybont, „ „ 


f« 


•35 


•70 


2*11 


3-i6 


Kdnol, „ »» ^ , 


11 


•51 


1-52 


2-53 


456 


Gwem-y-Arglwydd, New Badnor 
Nantgwillt, Bhayader 


i» 
i» 


•50 
79 


•90 

1-47 


3-10 
i'33 


450 
359 


Brynarlais, Llandrindod 


It 




•68 


156 




Llanstephan 


ti 


'77 


I'll 


r82 


370 


Lynhales, Kington 


Hereford 


•63 


1-93 


240 


496 


Hope-under-Dmmore 


II 


•^5 


1-90 


2-03 


418 


Portway, Burghill 


11 


•30 


2-i6 


179 


4*»5 


Barghill 


11 


•29 


2-17 


190 


436 


Hereford 


11 


•*7 


165 


3-50 


5'4» 


Boss 


II 


•28 


1-70 


r4o 


338 


Bryngwyn, Much Dewchurch 


»i 


•30 


2-64 


1-86 


4'8o 


Acock*s Green, Birmingham 


Worcester 




170 


175 




Orleton, Tenbury 


If 


•28 


2-23 


2^12 


4-63 


Linoombe Lock, Stourport 


II 


•29 


1-67 


1*55 


3-51 


Ombersley, Droitwich 
Holt Lock 


ft 


•'7 


1-52 


1-40 


309 


If 


•22 


r63 


i-8i 


3-66 


Worcester 


It 


•22 


i'55 


1-72 


3*49 


Beyere Lock, Worcester 


II 


•22 


163 


172 


3*57 


Diglis „ „ 


It 


•*5 


1-85 


1-65 


375 


Madresfield, MaWem 


ti 


•31 


1-98 


176 


4'OS 


Beckford, Tewkesbury 


Gloucester 


■44 


i'35 


ri9 


298 


Upper Lode, „ 


II 


■30 


1-31 


no 


271 


Cheltenham 


II 


•*5 


1-09 


•94 


2*28 


Maismore Lock, Gloucester 


II 


•34 


1-64 


I'OI 


2*99 


Llantbony „ „ 


II 


•28 


1-52 


•90 


2-70 
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Stations A7 which thb Rainfall ox Mat iitii to i^th, 1886, excbxdkd 2 Inchbs. 



Station. 



County. 



BainfaU. 



nth. 



i2th. 13th. 



Total. 



Midland Cov^timb— continued, 
Upfleld, Stroad 
Cirencester 
Shirehampton, Bristol 
Clifton, Bristol 
Atberstone 
Coventry 

Coondon, CoTentiy 
Kenilworth 

Aronside, Stratford-on-Ayon 
Longhboroagh 
Thornton, Leieester 
Bradgate, „ 
Swithlam, „ 
The Brand, ;, 
Broom ^!igg» », 
Boe CUlTe, „ 
Town Hall Sqnare, Leioeater 
Little Orton 
Ketton, Stamford 
Oandle 
Oxford 

EXOLAIO), M.W. 
Wythbom 
Fadt, Boohdale 
Donsdale, Frodaham 
Fozhill, „ 

Chester 

Treralyn Hall, Bosset 
Llandudno 
Bhng, Corwen 

Enolaxd, 8.W. 
Dolaeron, Aberayron 
Castle Malgwyn, Lleehryd 
Pentnr PaA, Clarbeston 
LlandoTery 
Carmarthen 
Abergwessin, Boilth 
Llanwrtyd Wells, Bnilth 
Owem-y-fed Farir, Hay 
CMdiir 
Ely, Cardiff 
Penarth, Cardiff 
Cowbridge 

Tia rohfle ld, Abergayenny 
Llanfreohfa 
Weston-snper-Mare 

IsLB or Mah, 
Cronkbonme. Dooglas 
Victoria Boad, „ 

InSLAND. 

New Bamaley, Belfast 

Newtownards 

Donagfaadee 

Waringstown 

Seafoxde 

Kilkeel 

Bahrath, Nayan 

Laragb, Balbiiggan 

Dublin 

Shankill 

Fassaroe, Bray 

Courtown House, Gorey 

Enniseoe, Crossmolina 

Derrycastle. Kfllaloe 



Gloucester 



Warwick 



Leicester 



Butland 

Northampton 

Oxford 

Camberland 

Lancashire 

Cheshire 



Denbigh 

Carnarvon 
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Fig. 1. 



^ 12 
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1 1 

TOTAL RAINFALL 
MAY 1H3, 1886. 




Pressure, — The distributiou of atmospheric pressure and the wind which 
prevailed during this period were of a most complex character. On the 
morning of the 11th, two high -pressure systems were prevalent — one over 
the Iberian Peninsula and the Bay of Biscay, the other off the north of 
Scotland. The zone of relatively low pressure which separated these two 
systems proved to be (as is generally the case with such zones) a region of 
very disturbed weather ; only in this case the disturbances developed were 
more numerous and of greater intensity than usual. Thus at the time men- 
tioned three distinct minima were observed (see fig. 2)— one over the north- 
oast of France, another off the west of Ireland, and a third (verj- badly 
defined) over Wales. The first had advanced to the position it then occupied 
from Spain, and was filling up quickly, after producing thundery imsettlod 
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Fio. 2. 




weather over France. The second was advancing south-eastwards from 
the Atlantic, and later in the day underwent considerable modification, partly 
by uniting with the third system over Wales, and partly by the development of 
a new minimum at the mouth of St. George's Channel (see fig. 8, p. 274). What 
occurred subsequently {i.e, during the night) it is impossible to say. Either 
the whole system collapsed and a new one advanced to the south of Ireland 
from the Atlantic, or else the three minima merged and formed one well 
marked system, the position of which is shown on fig. 4, (p. 274.) One thing, 
however, is certain, viz. that the bulk of the rainfall during these twenty-four 
hours (and it was heavy) occurred with the Easterly wind on the northern 
and north-eastern sides of the disturbance, not with the South-westerly 
wind, as might naturally have been expected. Thus the maximum falls were 
recorded over the east of Ireland, the Irish Sea, and Wales, the region in 
which they were recorded being marked by the ^aded area in fig. 4. The 
line of demarcation between this region and that of the smaller falls, which 
occurred owing to the generally disturbed character of the weather, is very 
clearly defined. 

We come next to the period of twenty-four hours, firom 8 a.m. on the 12th 
to 8 a.m. on the 18th. In this time the depression which lay off the south 
of Ireland, and which has just been referred to, moved eastwards up the 
Bristol Channel and almost entirely filled up : a new minimum, however, was 
developed near Cherbourg and advanced north-eastwards to the Sussex coast, 
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Fig. 3. 
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while a third appeared at the moath of the English ChanneL The position 
oconpied hy these three minima at 8 a.m. on the 18th is shown in fig. 5 (p. 275). 
The two high-pressare areas remained unchanged. Thus throughout this 
period of twenty-four hours cyclonic Easterly winds were continuously pre- 
valent except on our south-western coasts, and it was with these winds that 
the enormous falls of the 12th-18th took place. In fig. 5 we see the distri- 
bution of pressure at 8 a.m. on the 18th, and the shaded area shows the 
region in which the maximum fall had occurred. Here we see that England 
was the chief sufferer, and a more detailed map would show that the heaviest 
falls of all occurred with the Easterly winds on the northern sides of the 
various minima referred to. This is very clearly shown by comparing the 
falls over different parts of our southern counties ; for while over Cornwall, 
Pevon, and the south of Dorsetshire, the rainM (which accompanied South- 
west and South winds) varied from ahnost nil to only a few tenths of an inch, 
the fall over Sussex, some parts of Kent, and Middlesex, where the East 
winds of the eastern minimum were experienced, amounted in all cases to an 
inch or more. 

An important change now took place. The eastern minimum continued 
its movement northwards across Sussex, Kent, Essex, Suffolk, and Norfolk, and 
then over the North Sea to the west of Norway (see fig. 6, p. 275) ; while the 
western one moved eastwards up the Channel, and the shallow one over the 
Bristol Channel. The wind consequently became Northerly almost all over 
the country, and temperature fell fast. A great deal more rain fell over 
Wales and the Midland and North-eastern Counties of England, and was 
afterwards accompanied by wet snow, some of which fell even over our own 
Southern Counties. During the 14th, however, both systems passed slowly 
away, the high-pressure area in the north broke into two parts, one of which 
moved southwards over the Atlantic, the torrential rains ceased, and the 
weather improved greatly. 

There are two remarkable points about this period of bad weather. One is, 
the very disturbed conditions which were produced in the zone which sepa- 
rated the two co-existent anticyclones over our area, one lying to the northward 
of the other. This has not hitherto been sufficiently dwelt on by writers on 
depressions, though the idea is somewhat hinted at in the suggestion that 
hurricanes are often produced in the Indian Ocean by the prevalence of 
Easteriy winds on the polar side of a current from the westward. The second 
and most striking point is, that when these conditions are established the 
rain&U is greatest in those regions where the surface wind is Easterly. 
Numerous instances of this may be quoted, but will not be referred to here, 
as Mr. Gaster proposes to bring the matter before the Society on a future 
occasion. The feature stamps such systems as being of a type distinct 
from those which usually prevail over North-west Europe. 

In the present case there is one other feature which is worth notice, viz. 
that the rain which fell in the North-east of Ireland during the 11th, appears 
to have fallen in the rear rather than the front of the depression to which it 
belonged. This is less clear at present than could be wished, but will be 
considered on another occasion. 
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Floods and Damage, — ^The heavy rains of the 11th to 18th eaused very 
serioos floods. The greatest was in the valley of the Teme, especially at its 
junction with the Severn below Worcester. These floods caused great loss 
of life and damage to property ; bridges were washed away, raOway traffic 
Bospended, and thousands of workmen thrown idle. In several places the 
Waterworks and the Gasworks were flooded, and the town water and gas 
supplies were consequently cut off. 

It has been impossible to collect particulars of all the damage done in 
various parts of the country, but the following notes from several of the 
principal places affected will give a fair idea of the extent both of the floods, 
and of the amount of damage and distress caused thereby. 

Worcester. — ^The waters of the Severn and Teme continued to rise until 1 
a.m. on Saturday, when they reached a point higher than any flood since 1770, 
and 2 inches higher than the flood of 1795, so that the inundation was greater 
tlian any similar visitation for 116 years. No one now living remembers anything 
like such a deluge as that which occurred at Worcester, either for the unexpected- 
ness with which it came about or the height to which the water rose. There is 
no record of such a flood in summer, all previous great floods having been in the 
winter. That of 1770, which was only 2} inches higher than the present one, 
occurred in November. That of 1796 was in February, when the river below the 
bridge was blocked with ice ; and there is a tradition tnat this held back the water 
above the bridge and made the flood some 12 inches higher above than it was 
below the bridge. The great flood of 1852 happened in November, and was 5 
inches below the point now recorded. 

About midday^on Friday the 14th, the railway bridge over the Teme between 
Bransford and Henwick gave way in consequence of the flooding of the river. 
The centre pier collapsed, and although the railway metals remained they sank 
down with the structure, and the line became impassable. 

The present flood will be remembered not only for its severity but for its 
prolonged duration. The hope which many people cherished that the waters, 
when they once had reached their height, woula subside almost as rapidly as they 
had risen, was disappointed. The subsidence indeed from the first was remark- 
ably slow, and dunng the whole of Saturday could be reckoned only by inches. 
Fortunately by Saturday evening something like adequate efforts were made to 
cope with the distress of those who were suflering most keenly from the effects 
of the prolonged inundation. 

At the Corporation Waterworks great consternation was created on Friday 
afternoon by the flood waters getting into the grounds, and then rapidly rushing 
into the boiler houses. Some steam fire engines were procured, and were kept 
constantly at work to prevent the flood reaching the boilers. The water, however, 
reached the fires and put them out, so that the engines could not pump to the 
reservoir for the supply of the city. All through Friday night the place was 
watched with the greatest anxiety by the engineers and otiiers, and every effort 
was made to keep down the water in the boiler houses. On Saturday the grounds 
and works were completely flooded, the whole of the filtering and other tanks 
being under water. The result was that, instead of there beine a constant supply 
of water to the city, there was only a little to be obtained for half -an-hour in the 
morning and for half-an-hour in the afternoon. On Saturday night, the floods 
havin|^ receded to the extent of a foot, the boilers became accessible, and the 
pumping engines were at work all night 

Gloucester. — Gloucester has once more been visited by one of those periodi- 
cally recurring floods caused by the Severn in its upper reaches, and the overflowing 
of its banks into the long stretch of level meadow land adjoining the river, and 
the lowlying portion of the city bordering on the river and canal. 

Alreaoy on Friday evening water was spreading over the Ham meadows, and 
during the ni^ht it rose rapidly, and on Saturday momine the flood was fully 
upon us. At mne o'clock, the height of the water at the lock-gate at the entrance 
to the canal was 18 ft, 10 ius. The appearance from the bridge at Llanthony or 
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from Westgate bridge was that of a vast lake, far as the eye could stretch. 
The trees, the tops of the hedges, and notice boards st9ck here and there, dotted 
the expanse of waters. 

The rapidity with which the water rose was illustrated on the road to Hathcr- 
ley, which was perfectly clear at 10 o'clock in the mominff, but bv 12 o'clock 
was covered to a depth of nearly two feet. During Saturday night the water 
continued to rise, and at 9 on Sunday morning it registered 22 ft 1 in. at the 
lock. During the day it rose 2 inches more, and the maximum was reached on 
Sunday evening, when it measured 22 ft. 3 ins., or within 4 ins. of the great flood 
of 1852. 

The district around Hempstead suffered severely. The engine house of the 
reservoir, which supplies the inhabftants with drinking water, was flooded so as 
to compel pumping operations to be suspended, and in consequence the water had 
to be turned off early each evening. 

The flood began to subside on Monday, and during the night fell a foot. On 
Tuesday and Wednesday the water gradually sank and left all the streets and 
courts, leaving only the meadows covered ; by Thursday the visitation, as far as 
the streets and dwelling-houses are concerned, may be said to have gone. 

Sheffield.— The river Don continued to rise throughout Thursday night, and 
reached its maximum height between 6 and 6 o'clock on Friday morning, when it 
is said to have been higher than for many years past. Fortunately the rain 
ceased an hour or two afterwards, and from then, throughout the day, the river 
gradually fell until the evening, when, so far as Sheffield was concerned, all danger 
had passed ; but lower down the river, between Tinsley and Rotherham, matters 
were still of a very serious nature. All the mills and factories on the banks of 
the Don, in which water power is used, were stopped, and many firms who do not 
use water as a motor power were put to great inconvenience by the flooding of 
portions of their works, and it may be considered within the mark that between 
700 and 800 men were thrown idle by the flooding. 

At Denaby the flood is said to be the most serious for twenty years : the water 
rushed down the Denaby Pit, necessitating the stoppage of the work, and the men 
had to reach their homes by means of raSs. 

Rotherham. — Never within the memory of living man has there been a flood at 
Rotherham so ^reat as the one which is now carrying devastation and ruin along the 
banks of the nvers Don and Rother. Events of eleven, and even of thirty-seven 
years ago, are alluded to, but the floods of those periods are stated not to have 
reached anything like the magnitude of the present inundation. The whole town 
has been thrown into a chaotic state. Pubhc establishments, manufactories, and 
tradesmen's shops, have had to suspend operations because it is impossible to 
reach them. Busmess is at a standstill, and at least from 3,000 to 4,000 workmen 
are out of employment. Houses are inundated, roads rendered impassable, and 
on one of the railways — the Manchester, Sheffield, and Lincolnshire — traffic has 
been stopped since Thursday night. 

From early morning the water continued to rise rapidly : between three and six 
o'clock it went up most quickly, a circumstance remarkable when the large area 
inundated is taken into account. Opinions vary, but the height of the river was 
undoubtedly from 12 to 15 feet above the ordinary level, and remained so during 
the greater portion of the morning. On all sides there was water ; the meadows, 
the highway, the walls, the hedges, and the outbuildings had disappeared, either 
partially or totally, and the rivers Rother and Don passed along like a surging sea. 
The road had been impassable for foot passencers and vehicular traffic from 
Thursday night. The Bessemer Steel Works of Messrs. Steel, Tozer, & Co., had 
had tons of sewage and mud lifted out of the bed of the river and deposited 
among the machinery, and large quantities of debris and timber had floatea down 
and lodged there. 

At the Waterworks it was ascertained that something had gone wrong. At 
first it was thought that the water had backed up from the overflow into the 
retaining tank, but this was found not to be the case. The drains run on the side 
of the retaining tank, and owing to the pressure of storm water the ioints had 
given way, and the water had escaped ana entered the tank through the suction 
pipe. 

Many of the engine-drivers employed by the M. S. and L. Company had to work 
hard and to make good use of their wits to get safely to Mexborough (or, as one 
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driver jocularly remarked, to " port ") with their trains. In many instances it 
^a8 f onnd impossible for them to get through the flood, and they were forced to 
remain, some at one place and some at another, until the waters had subsided. 
At Wath large numbers of people assembled on the bridge over the railway for 
the purpose of watching the huge engines make their way through the flood— no 
light task, when it is estimated that the water was three feet in depth at this 
point. The head lights of one engine were extinguished, and the fires of another 
were, in the words of the driver, '^ doubted out" 

Church Stbetton. — ^A flood, far greater in its effects than has been known 
for nearly half a century, occurred at Church Stretton last week. Kain com- 
menced to fall at an early hour on Tuesday morning, and continued without 
intermission until midday on Friday. The quantity of rainfall in that time was 
almost incredible. Some idea of the total fall may be gleaned from the fact 
tliat during Thursday 4-12 ins. of rain fell, and this at an altitude of 624 ft. above 
sea level. This enormous rainfall, over the eighty square miles of the Longmynd, 
soon began to make itself felt in the increased volumes of the many brooks and 
torrents running down its sides. 

Kidderminster. — On Friday and Saturday nights there was no gas supply in 
some parts of tlie town, owing to the water having entered the mains through the 
meters in the flooded cellars. 

The fire engines were at work on Saturday pumping water from the flooded 
mills and dwelling houses. The total damage is estimated at about £10,000. 

Bewdley. — A portion of the Teme bridge, walls and houses were carried away. 

Leigh. — The railwajr bridge on the Worcester and Bromyard line subsided. 

Bransford. — The railway Dridge on the Worcester and Hjeref ord line subsided. 

Ludlow. — Two railway bridges between Ludlow and Craven Arms, on the 
Hereford and Shrewsbury line, were washed away. 

Nottingham. — The overflow of the Trent caused the inundation of the whole 
of the southern part of the town, comprising 3,000 houses. The Midland line 
between Nottingnam and Trent was submerged for nearly six miles. 



Rivers flooded. — The following is a list of the principal rivers and their 
tributaries which were flooded and overflowed their banks : — 

Severn, Avon, Belu, Camlad, Oennant, Clywedog, Dolfor, Lleden, Stonr, 
Vymw}'. 

Temb, Clun, Corve, Ledwyche, Onny, Rea. 

Wye, Arrow, Dore, Frome, Lugg, Mon, Monnow, Twddi. 

Trent, Amber, Anker, Derwent, Ecclesboom, Idle, Ryton, Soar, Tame,Wye. 

Dee, Alyn. 

Also, the Aire, Calder, Derwent (Yorks), Rye, Cod, Wiske, Clwyd, Goyt, 
Nen, and Witham. 

The times at which the flood waters reached their highest point were as 
follows : — 

18th.— Night, Church Stretton. 

14th. — 2 a.m., Welshpool ; 4 a.m.,Tenbary ; 6 a.m., Gharchstoke; morn- 
ing, Ludlow, Worksop ; noon, Shrewsbury, Leominster, Matlock ; 2 p.m., 
Belper; 4.80 p.m., Botherhom; 7 p.m., Kidderminster; night, Evesham. 

15th. — 1 a.m., Worcester ; 2 a.m., Diglis Lock ; 8 a.m., Burton-on-Trent ; 
evening, Nottingham ; midnight, Tewkesbury. 

16th. — 11 p.m., Gloucester. 

Flood Levels. — The following are the heights of the flood at various places 
above the average summer level : — 

Shrewsbukt* — 15ih, noon. Extreme height of flood at Welsh Bridge, 16 ft, 
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DiQLis Lock, keab Woboesteb. — 16th. The water of the Severn reached 
its highest point at 2 a.m., being then about 26 feet above low summer level. 
This was only a few inches below the flood of 1770. 
Boss. — 16th. The flood in the Wye was 14 feet 8 inches. 
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8.40 p.m. the tide caused it to rise half an inch 
9 p.m. no appreciable diflerence was manifested 
11 p.m. another quarter of an inch was registered 
6 a.m. it had fallen 8^ inches 
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BoTHEBHAM. — 14th, 7.80 p.m. The flood was 8 feet 6 inches at the 
junction at Bow Griag. 

Belpeb. — 14th, 2 p.m. The flood in the Derwent was 4 feet 8^ inches. 
NoTTiNOHAM. — 16th, cvcning. The rise of the water in the Trent has 
been 12^ feet. 

N.E. YoBKSHiBE. — 16th, p.m. The Derwent has risen to nearly 11 feet 
above summer level. 
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1845 


December 28th. , 






4 6 


1849 


October 8th. 






4 6 


1852 


February 5th. , 






4 


1875 


October 21st. , 






4 2 


1880 


January Ist. , 






4 


1881 


February 9th. , 






4 8 


1886 


May 14th. 






4 8^ 



Previous Floods at Worcester. 
(Prom Berraw'a Worcester Journal) 

1672. — Extraordinaiy flood. The extreme rise of the Severn was noticed 
against a wall by the side of the river near the College Green, and a plate still 
remains (1770) in the wall recording the event. 

^ This record has been kept in one of the wheel honses in Messrs. Stmtt's Mills. 
The heights are in feet and inches above ** tfood *' level, the point to whieh the back* 
water in the ** tail-races *' most rise to neoessitate stopping the water-wheels, 
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1770. November. — The excessive rains occasioned an extraordinary overflow 
of the rivers Severn, Avon, Teme, &c., and a most alarming flood ensued, being 
the highest and most extensive ever known in these parts. 

In order that it might be known how much the present flood exceeded that of 
1672, the Dean engaged a proper person to watch the rise of the water against 
the wall, and to observe its utmost reach, which, it seems, was about two o*clock 
last Sunday morning, when it had rose ten inches above the high water mark of 
the year 1672. 

1795. February. — The late severe frost has been succeeded by a calamity 
almost as dreadful in its effects. The river Severn has overflowed its banks and 
covered an extent of country for a great number of miles with water. The water 
continued rising the whole of last Thursday, and its utmost height was only 
about 7 inches lower than the memorable flood in 1770 ; but at Bridgnorth it was 
6 inches, and at Coalbrooke^ale 10 inches, hidier than at that peri(^. 

The flood rose in Gloucester to within 6 inches of that in 1770. Shrewsbury 
was idmost surrounded by water. 

In most places the waters have risen higher than was ever remembered by the 
oldest inhabitants ; upwards of 50 bridges have been totally destroyed, and a 
great number of others much damaged. The Fen counties exhibit sheets of 
water for miles in extent, and the damage done in those parts is estimated at 
£500,000. 

1852. November. — The incessant rains of Wednesday and Thursday tended 
to augment the swollen waters to an extent truly alarming. The flood overspread 
the race ground. Pitchcroft, and on Sunday was stated to have attainea the 
astonishing height of from 13 ft. to 15 ft. The water on Sunday rose on the 
North Parade to within 11 ins. or 12 ins. of the height attained oy one of the 
highest floods ever known on the Severn, which occurred in 1795. On Monday 
afternoon the flood-mark of 1795 on the North Parade was attained within 4| 
inches. 



DISCUSSION. 

Mr. Mabbiott exhibited a number of photographs showing the extent of the 
floods on the Severn at Worcester and some of the damage caused thereby, and 
also some photographs and sketches of the floods at Rotherham. 

Mr. SouTHALL said that he had had considerable experience in the investigation 
of floods in the Severn and Wye, and the determination of flood levels, and he 
hoped that one result of this paper would be to cause more careful observations 
to be made in future. It was extremely difficult to get good information re- 
specting floods in the past owing to the obliteration of flood-marks. The height 
of the flood at Worcester in 1672 was carefully marked on the Cathedral steps 
by the Dean ; but the flood-marks at Gloucester were extremely unsatisfactory. 




he could find no record of such a flood in the Severn during the summer. It was 
not a mountain flood, and seemed to be entirely due to heavy local rainfall. At 
Shrewsbury the flood was 4 feet lower than some of recent times. 

Mr. Hawksley said that maximum floods were those for which engineers 
had to make provision in the construction of drainage systems and waterworks, 
and he gave the formula used for ascertaining the amount of water which will 
flow off a given area, and for which the engineer in constructing drainage works 
would have to make adequate provision for carrying off in order to prevent 
flooding. The winter floods were usually due to the sudden melting of snow, 
whilst summer floods were generally the result of heavy rainfall during thunder- 
storms, and were almost of the same character and intensity in all parts of the 
country. These summer floods usually extended over but small areas, but winter 
floods were generally of very large extent. The greatest flood he remembered 
occurred in August 1846, when 4 ins. of rain fell in London in 3 hours and 20 
minutes. He then went on to say that engineers were greatly indebted to 
meteorologists for the information collected by them concerning floods and 
rainfall, for without such knowledge it would not be possible for engineers to 
carry on their work efficiently. In conclusion he strongly urged students of 
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meteorology to investigate the causes of the various phenomena connected with 
their science and so increase the practical utility of their work. 

Mr. H. C. Fox said that such a downfall of rain occurring in May was very 
remarkable. At Greenwich, the fall during the three days, May 11th to 13th, 
amounted to 1'57 in., and was preceded by ten days without rain. The total for 
the month (4*23 ins.) was exactly double the average, and there were only three 
wetter Mays at Greenwich back to 1815. He drew attention to his paper on 
" The Sequence of Mean Temperature and Rainfall in the Climate of London/' 
read before the British Association, in which he had shown that there was a 
marked tendency for a very wet May to be followed by a cold June. 

Mr. J. Smyth, Junr., said that, at Banbridge in Ireland, the rainfall recorded 
in May was the largest during the past twenty-six years. 

Mr. Strachan drew attention to the fact that the front of a depression was 
the part where most rain fell, condensation taking place first and the mechanical 
results immediately following. But in the case or the depression in which this 
^reat rainfall took place the conditions were said to be reversed, the rain falling 
m the rear of the low pressure area. 

Mr. Symons thought that the differences between the relative height of the 
Severn at Shrewsbury and Worcester were due to the fact that the river Teme, in 
the watershed of which the greatest rainfall took place, flowed into the Severn a 
little below Worcester, while at the head waters of the Severn only a compara- 
tively small rainfall was measured. It was fortunate that a good organisation of 
rain/all stations and river gauging throughout the Severn basin had lately been 
inaugurated by Mr. Willis Bund, and was in working order when this rain came, 
as authentic and valuable records would be obtained from them. He noticed that 
the greatest rainfall occurred at the conflict of the two currents of air as shown 
on the charts, and he thought that it was the mingling of these warm and cold 
currents which ^ave rise to the excessive rainfall. 

Mr. Gaster, in reply, said that the important fact in regard to this depression 
was that maximum rain fell with an Easterly and not with a Westerly wind, and 
in one case it had apparently occurred in the rear instead of in front of an 
advancing depression. Instances in which the maximum rainfall occurred with 
the Easterly wind on the northern side of advancing depression, though some- 
what rare, were far from being unique, and were worthy of more consideration 
than ihe^ had received. The fact is becoming more and more strongly recognised 
that anticyclones are the real "weather-makers,*' and that on their relative 

Position to one another the occurrence of different spells of weather mainly 
epended. 



On Atmospheric Pressure and its Effect on the Tidal Wave. By 
Captain W* Nelson Greenwood, F.B.Met.Soc. (Abstract.) 

[Bead June 16th, 1886.] 

The Author in this paper has endeavoured to show by careful and continued 
observation the connection which exists between the pressure of the atmo- 
sphere and the height of the tides, conflning his observations for the most 
part to the neighbourhood of Glasson Dock, Lancaster, on the River Lune. 
When it is considered, he says, that a rise or fall of half an inch in the 
mercury of the barometer is equal to the addition or removal of 81 '26 
pounds per square foot of area, an idea may be formed of the enormous, 
though imperceptible, influence that snch addition or removal will have upon 
the extended surface of the sea. Water, in itself inelastic, incapable of com- 
pression to any perceptible amount, is still subject in a marked degree to the 
fluctuations in atmospheric pressure. Knowing, as we do, that no great dis- 
placement of the atmosphere can occur at a given point without a corresponding 
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area of high or low pressure being found in some near locality, we may 
naturally argue that the waters of the ocean, being inelastae, will follow such 
atmospheric displacement, by giving way with increased presamre in one 
place, accumulating where the decrease of pressure is in operation, and again 
returning to their original position when the disturbing pressure is removed. 
On the progressing tide wave this influence, the author says, is most marked. 
As the wave advances up the St. George's Channel and Irish Sea from the 
Atlantic Ocean it is subject to, and influenced by, the atmospheric pressure 
obtaining in the locality through which it travels, to a degree which is scarcely 
appreciated. The wavci it appears, takes about six hours to travel from the 
entrance of the Channel to the shores of Morecambe Bay, where it joins its 
sister tide which is coming in from the North Channel, the wave having tra- 
versed a distance of about 240 geographical miles. The normal di£ference in 
atmospheric pressure, taking the mean of four years' observations, is -048 inch, 
the mercury standing higher by that amount at the entrance of the Channel 
than in the vicinity of Morecambe Bay. In other words, the mean baro- 
metrical reading in Morecambe Bay is 29*900 ins., and that at the entrance 
of the Channel 29*948 ins., being equivalent to *007 inch of a mean gradient 
per 40 geographical miles. 

In considering the effect of this gradient on the tide wave, the author lays 
down the foUowing four propositions : — 

1. A rise in the barometer over the whole distance would depress the tide 
wave locally. 

2. A rise locally, or a fall distantly, would depress the wave locally. 

8. A fall generally over the whole distance would raise the tide wave locally. 

4. A ML locally, or a rise distantly, would raise the wave locally. 

The author goes on to show by copious examples, tables and diagrams, 
how, with these propositions in view, predictions of the tide heights may be 
made with great certainty when the atmospheric conditions are known and 
carefully studied. He gives in a table the number of inches to be added to, 
or subtracted from, the usual predicted tidal heights for every condition of 
atmospheric pressure from 28*7 ins. to 80'G ins. The table, of coarse, only 
refers to one locality, viz. Glasson Dock, but similar tables could be prepared 
by the same rules for other places. Another table shows the results of this 
method of prediction, which indicates that the height of the tide wave can be 
estimated within a very few inches when the barometric correction has been 
applied. 

The conclusions to which the author has arrived ore, — that the motion of 
the waters of the tidal wave can be shown to be intimately connected with 
the fluctuations of the atmosphere as indicated by the barometer ; and that 
the wave obeys these fluctuations closely, irrespective of the interruption it 
may receive from local surroundings, such as the narrowing of channels or 
estuaries up which it may have to pass ; and that the discrepancies which 
may occur between predictions made in the mode now suggested and the 
obsen^ations are distinctly traceable to variations of pressure over a defined 
area in the vicinity, and not to the force or direction of the wind, as now 
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generally supposed. Further, that the position and path of such storm- 
centres as reach oar coasts, as also the number that may be included in a 
certain area, have to be taken into consideration, if a true idea is to be formed 
of the inflaence of storm depression on the tidal wave in its passage up the 
Irish and North Seas and English Channel. 

The author thinks that with the aid of the information contained in the 
Daily Weather Reports of the Meteorological Office, there are no difficulties 
which cannot be readily overcome, so that a table of corrections may be 
formed that will rectify the tidal predictions at any port with almost unerring 
certainty. 



Meteobolooical Results at Levuxa and Suva 1875-1885, with Notes on 

THE Climate ofFui. By J. D. W. Yauohan, F.B.Met.Soc., Oovemment 

Storekeeper. 

[Bead June 16th, 1886.] 

The F^i Islands Ue between IB"" and 22P S lat. and 175<' E and lir W 
long., they are therefore wholly within the tropics. The Islands number some 
255, many of these are not inhabited, some being mere sandbanks, with here 
and there a few trees growing on them, while the largest Island, Yiti Levu, 
contains some 4,250 square miles ; the second largest, Yanua Levu, 2,600 
square miles. 

The larger Islands are mostly mountainous, rising in many places to an 
altitude of from 2,000 to 6,000 feet above the sea level, and are clothed to 
the sunmiit with forest, rich grasses, and undergrowth. 

The rivers are numerous, and during the wet seasons subject to floods from 
the hills which skirt the foot of the mountains, whilst fringing the numerous 
bays which indent the coasts are to be found rich alluvial plains, stretching 
for many miles into the interior. On these rich plains and river banks are 
to be seen growing the various products of the tropics, carefully tended by 
hundreds of F\jians, Polynesians, and Coolie labourers. From the fore- 
going it will be seen that the climate of the whole of the F\ii Islands cannot 
be of a uniform character. 

The climate, however, is a remarkably healthy one. Happily, diseases such 
as fevers of an aggravated and malarious character, cholera and liver complaints, 
are unknown. Those diseases, so fatal and common in other tropical climates, 
could not well thrive, for owing to the geographical position of the group, 
being in the region of the Trade winds, it enjoys almost perpetual breezes. 
Calms are very rare, as, with the exception named, the area of the Islands 
being small, the sea breezes from all directions penetrate into every comer, 
and the miasma arising from swamps, usually so poisonous and fatal in hot 
climates, does not seem to cause any serious epidemics. 

To Europeans who follow outdoor occupations the heat is no doubt rather 
distressing in the summer months, but agricultural and other work is regularly 
performed by both whites and blacks without any apparent ill effect to the 
strong -and healthy constitution. After a few months' residence in Fiji, the 
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new arrival wiU lose mneh of his ruddy appearance ; this is looked upon as 
the first stage which marks the progress of acclimatising the new settler. 

Ardent spirits are decidedly ii\jarions in this climate, as in all hot countries. 
During his seventeen years' experience in F\ji, the author can call to mind 
many robust constitutions ruined by the too tree use of the bottle. The 
natives, who are prohibited by law from procuring spirits or other intoxicants, 
are healthy in the extreme. 

The accompanying tables give the monthly results of the meteorological 
observations taken at Levuka from January 1875 to August 1882, and at 
Suva from September 1882 to December 1885. No corrections have been 
applied to the readings of the standard barometer. This course has been 
adopted for the purpose of enabling the majority of readers to see at a glance 
the actual readings, without having to trouble their minds with the corrections. 
To the scientific reader, who has before him the material for the necessary 
corrections required by the Boyal Meteorological Society, the application 
thereof will be of the easiest possible character. Barometer by Negretti and 
Zambra, No. 1,048, error index and capillary +-006 in. Standard thermo- 
meter by same makers, and numbered 14,154. Rain gauge 8 inches in 
diameter, placed in an open space and fully exposed. 

1875. 



Months. 


Mean 

Barometer 

as read. 


Temperature. 


Bainfall. 


-4* 

1 


1 


1 


Total. 


Greatest 
daily 
faU. 


No. Of 
rainy 
days. 


January 

February 

March 

April 


Ins. 
29-905 
29*158? 
29652 
29-949 

30*012 

30*012 
30021 
30*018 
30*018 
30*013 




84 
83 

82 

81 

11 

83 
84 


75 
75 

% 

73 
76 



82 
82 
80 

79 
79 
78 

7^ 

78 

79 
78 
80 


Ins. 

11*66 
982 

23*98 

18*95 
6*86 

16*06 
2-21 
262 
800 
7-07 
721 
505 


Ins. 
4'33 

3--iS 
6-97 
1-31 
529 
0*56 

073 
2*99 
217 
435 

2*12 


21 
21 

25 
21 

17 
21 
x6 

It 

13 
18 

15 


May 


June ••••.••••. 


July 


August 

September .... 

October 

NoTember 

December 


Year. 


29*860 ? 


87 


65 


79*1 


119-49 ' .. 


218 



January . . . 
February . 
March . . . 

April 

May 

Jane ..... 

July 

August ... 
September. 
October , . • 
November . 
December . 

Year. 



1876. 



29-239 ? 

29-565 
29*826 
29*916 
30015 
30-022 
30*019 
30*020 
30*0x6 
30-015 
29-857 
29654 



29*847 ? 



86 
92 
85 
83 
81 

83 
81 
80 
82 
81 
83 
83 



92 



78 


82 


1082 


4*94 


21 1 


75 


84 


876 


1-91 


21 


76 


81 


i7'39 


456 


26 


73 


79 


13-54 


4-52 


x6 


74 


78 


264 


0*55 


18 


72 


77 


242 


1-37 


14 


70 


75 


1-32 


032 


12 


72 


75 


5*55 


1-38 


18 


70 


76 


5*12 


1*86 


16 


70 


77 


6*68 


1*76 


19 


72 


78 


765 


4-38 


14 


74 


78 


2271 


4*25 


20 


70 


783 


104-60 


.. 


215 



Digitized by 



Googk 



VAUOHAN — BnSTfiOBOLOGICAL RESULTS AT LEVUKA AMD SXTVA, 1876-1886. 287 



1877. 



MoDtllB, 



Mean 

Barometer 

aaread. 



Temperature. 



S 



^ 

3 



I 



BainlalL 



Total 



Greatest Ko. of 
rainy 
days. 



daily 
fall 



January 
February 
March .. 
April •..., 
May .... 
June ...•, 
July .... 
August .., 
September 
October . . 
November 
December 



Ins. 
29-924 
29998 
29991 
30003 
30*122 
30157 

30157 
30*1 18 
30*206 
30177 
30*112 
30053 



91 
92 
90 
91 
91 
89 
85 
84 
82 

85 
89 
91 



69 
73 
71 
72 
68 

65 
62 

62 

.65 
66 
68 
73 



82 
82 
81 
80 
82 
75 
74 
72 

76 
81 



Ins. 
12*40 

9*29 
12*67 

4*12 

0*76 
677 
7'i6 
zz'04 
2*79 

5*47 
003 
0*88 



Ins. 
4*43 
177 
2*23 
o*97 
0*14 
214 
263 
2*98 
2*03 
2-22 
0*01 
0*27 



14 
x6 

21 

17 
IZ 

19 
15 
14 

6 
zo 

3 

zo 



Tear. 



30*085 92 



62 1 78*2 



7338 



Z878. 



January.. •• 
February •. 
March •••• 
April ••.••• 

May 

June •••••• 

July 

August ...• 
September.. 
October •••« 
KoTembor .. 
December .. 



30071 


86 


78 


82 


8-52 


246 


17 


30-086 


86 


76 


82 


537 


z-84 


z8 


30050 


86 


77 


81 


z6*09 


3-17 


2Z 


30*142 


84 


74 


79 


Z7-i8 


310 


25 


30-175 


83 


71 


79 


174 


0-41 


Z2 


30*209 


8z 


73 


77 


0*20 


o'o6 


7 


30*207 


82 


67 


75 


1-38 


041 


Z2 


30226 


80 


70 


75 


2*86 


1-45 


9 


30*258 


79 


71 


76 


0*89 


0-31 


9 


30198 


8x 


71 


76 


375 


z-io 


H 


30-130 


82 


74 


78 


"•35 


2-ZO 


2Z 


30-078 


84 


75 


80 


3-31 


o*59 


15 


30153 


86 


67 


78-3 


72-64 


• • 


z8o 



Year. 



Z879. 



January.. 
Februaiy 
March •• 
April .... 
May .... 
June .... 
July .... 
August . . 
September 
October .. 
November 
December 



Year. 



30*030 


86 


77 


8z 


15-29 


385 


23 


30-050 


85 


76 


80 


Z2*64 


4-26 


20 


30*zz6 


87 


78 


82 


ZZ-42 


308 


20 


30-X4Z 


87 


71 


8z 


Z2-97 


z-98 


26 


30-149 


85 


73 


80 


767 


z-96 


14 


30*206 


87 


73 


75 


4-2Z 


Z05 


17 


30*223 


^J 


72 


7j 


5-60 


252 


Z2 


30259 


83 


70 


76 


2*44 


0*45 


17 


30233 


82 


66 


77 


489 


z*z8 


20 


30192 


84 


72 


2^ 


8-94 


3*42 


IZ 


30*125 


85 


73 


80 


484 


z-25 


'J 


30*029 


85 


74 


80 


6Z7 


X-04 


z6 


30146 


87 


66 


793 


9708 


.. 


2ZO 



N£W 8SSXES. — ^YOL. ZH. 
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1880. 



Months. 



January ... 
February 
March •••. 
April •••.. 

May 

June .... 
July .... 
August . . . 
September 
October .. 
November . 
December . 



Mean 

Barometer 

as read. 



Year. 



Ins. 
29*962 
30-073 
30-091 
30148 
30*137 
30-093 
30*108 
30*132 
30-124 
30*108 
30000 
29*976 



30*079 



Temperature. 


Bainfall. 




1 


"S 


1 




Greatest No. of 


t 


1 


Total. 


ri 


rainy 
days. 








• 


Ins. 


Ins. 




87 


78 


82 


14*02 


3-37 


20 


87 


75 


81 


7*62 


2-34 


20 


89 


73 


82 


13-62 


293 


17 


86 


7? 


79 


2a'35 


5-34 


23 


89 


68 


80 


5*91 


1*95 


12 


88 


69 


78 


6-45 


3-02 


18 


85 


66 


76 


' 583 


ro8 


21 


84 


67 


76 


, 10-66 


6*92 


14 ' 


87 


67 


75 


1 2*60 


062 


' 8 


89 1 68 


77 


' 20*29 


1 792 


16 


89 . 72 


l^ 


9-47 


2*98 


20 


93 73 


81 


15-32 


1 5-80 


! '9 


93 


1 66 


78*8 


134*34 


i 


1 208 



January , 
February , 
March . . , 

April 

May .... 
June . . . . , 
July ...., 
August .. 
September 
October .. 
November 
December 




Year. 



30-047 



93 1 


74 


90 i 


73 


93 1 


72 


91 1 


72 


88 


69 


88 


69 


86 


67 


87 


65 


88 


68 


88 


66 


92 


71 


89 


71 



93 



65 




i88i. 



January I 29849 



February 
March . . 

April 

May 

June 

July 

August ... 
September. 
October ... 
November , 



29-980 

29951 
30*049 
30-042 
30*100 
30-121 
30*137 
30*111 
30-165 
30*003 



December 29*919 



Year. 



30*036 



91 


71 


94 


70 


91 


72 


90 


71 


91 


68 


88 


62 


86 


68 


87 


68 


87 


65 


86 


64 


87 


68 


90 


70 


94 


62 



82 

83 

81 
82 
80 
78 

73 
80 

77 
78 
81 
83 



8o*4 



11*80 

12-77 

11-78 

2-72 

2259 

1*40 

8*25 

3-88 

3-31 

5-82 

28*73 

10*69 



103*74 



4-30 


22 


2-24 


16 


1-20 


23 


0*58 


15 


465 


20 


0*75 


8 


3'92 


15 


1*01 


7 


0*75 


13 


2*04 


17 


5*70 


20 


2*09 


18 



194 
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1883. 





Mean 

Barometer 

as read. 


Temperature. 


Bainiall. 


Months. 


1 

9 


1 


1 


Total. 


Greatest 
daily 
fall. 


No. of 
rainy 
days. 


January 

February 

March 

April 


Ins. 
29909 
29-917 

29*943 
30*036 
30-091 
30094 
30-140 
30-142 
30-106 

30-114 
30-029 
29958 




91 

86 

90 
89 

27 

83 
85 
88 

87 


& 
68 

P 

P 
61 

64 

65 
70 


t 

82 
80 
78 

75 
74 
74 
75 
76 

79 
79 


Ins. 
7;3i 

9-08 
912 
4-84 

I2'25 
223 

7-39 

370 

7-17 

1805 

14-46 


Ins. 
2-17 
1-90 
1-33 
2-59 
3-38 
4-23 
0-84 
3-IO 
2*04 

1*53 
3-42 
401 


17 
25 

21 
20 

zo 
20 

\l 

Z2 
14 
17 
27 


Miy :.:..:.:: 


June 


July 


August 

September .... 

October 

November 

December 


Year. 


30-040 


91 


61 


77*9 


108-85 


.. 


214 



1884. 



January .. 
February 
March .. 
April ...• 
May . . . . . 
June .... 
July .^.. 
August .. 
September 
October .. 
Novembmr 
December 



Year. 



29978 


88 


70 


80 


440 


1*54 


18 


29959 


S7 


70 


80 


18-77 


7-42 


27 


30027 


87 


72 


82 


15-59 


422 


26 


30-060 


85 


70 


79 


8-71 


390 


18 


30091 


85 


66 


76 


6-96 


1-49 


19 


30-144 


85 


63 


76 


2-58 


1*02 


13 


30-155 


81 


^3 


73 


2-46 


095 


18 


30-150 


83 


60 


73 


552 


2-34 


14 


30-174 


81 


62 


73 


1343 


207 


23 


30-179 


83 


62 


76 


0-51 


0-17 


9 


30-066 


85 


67 


79 


9-86 


2-68 


z8 


30-007 


87 


70 


82 


329 


0-90 


16 


30-083 


88 


60 


77*4 


92-08 


• • 


219 



1885. 



January . . . 
February . 
March , . . 

April 

May 

June 

July . . . 
August ... 
September. 
October . . 
November . 
December . 

Y^ 



29-915 


87 


29-993 


88 


29-963 


86 


30-011 


87 


30-157 


86 


30-181 


82 


30-142 


82 


30132 


78 


30-193 


77 


30-199 


80 


30-112 


83 


30-048 


87 


30-087 


88 



70 

73 

69 
67 

63 I 
6a I 
62 

63 
67 
70 



62 



81 


12-81 


83 


5-62 


82 


9*88 


8t 


10-69 


77 


6-03 


75 


0-83 


74 


2-55 


71 


9*00 


72 


664 


75 


3-47 


77 


3-51 


80 


532 


77*3 


76*35 



2-15 

1-99 

2*02 
2*11 
2-07 

o-i8 
0-70 
2-50 
2-09 
1-00 

»-57 
2-36 



27 
z8 
25 
a7 
24 
24 
21 
28 
22 
«3 
17 
19 



265 
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^90 VAUOHAK — ^MET^OBOLOOIOAL OBSBBVATIONS at LBVltKA, SUVA, lSiB'1986. 

Notes on the fobeooing Tables, showing when the gbeatbst Atmosphebig 
distubbamoes have taken plage. 

1875. January 7th, at 9 a.m., ihe barometer registered 29*690 ins. with a 
strong breeze blowing from North. At 1 p.m. the reading was 29*621 ins., 
and the mercury continued to jGeJI with increasing wind until 4 a.m. on the 8th, 
when the barometer reached its lowest reading, 29*070 ins., wind blowing 
with full hurricane force. In Levuka several houses were blown down and 
others damaged ; vessels in the harbour suffered to a considerable extent. 
Her Majesty's surveying schooner Beagle was blown ashore, but was afterwards 
got off all right. A small cutter with one white man and several natives on 
board disappeared during the night, and was never again heard of. 

The wind on this, as on nearly all occasions, blew in force from North to 
West, ^ding in the latter quarter. During these atmospheric disturbances 
the rainfall is very heavy, and while that particularly referred to was 
raging it was impracticable to expose the face or hands to the rain. This 
descended with such force that the exposed parts of painted houses were 
washed clean, leaving no trace of paint having ever been applied. 

Heavy boats that had been laid up on the shores were rolled along before 
the wind as though they had been mere bundles of hay. Large trees snapped 
off like reeds, and others again were taken up by the roots. 

1875, March 12th and 13th. A strong gale from the same quarter, but 
no great damage done. The next severe gale was felt on March 15th, 1876. 
Wind blew with considerable force from South to West by the North. This 
was felt more severely at Levuka than in other parts of the group. The 
southern portion of the group appears to have escaped it altogether. 

1879, December 11th and 12th. Very heavy squalls and rain. The damage 
done on this occasion was very slight. 

1883, March 12th and 13th. Barometer fell on the 12th to 29*750 ins. 
At 4 p.m. on the 18th the reading was 29*780 ins., showing unmistakable 
indications of a storm which doubtiess passed to the North-west of this 
group. 

1884, February 7th. The barometer was low, with fresh gale blowing from 
East-north-east. 4*37 ins. of rain fell. 

The heaviest rainfall for the eleven years was 7*92 ins. on October 80th, 
1882, 6 ins. of which fell between the hours of 11 aim. and 8 p.mt 

Note. — The instruments are in a large building occupied as Qovemment 
Stores. One end of this building is taken off as a room 14 ft. by 14 ft. by 
15 feet high from the floor. In this room there are three large doors and two 
large sashes, with thorough ventilation at all times both above the floor and 
under the ceiling. The instruments are placed on the inner dividing wall. 
The barometer cistern is 8 feet above the floor and 18 feet above sea-level ; 
all the thermometers are 2 feet higher in a straight line on each side of the 
barometer. The rain-gauge is placed on the ridge of the building fitted 
with ^-inoh lead pipe, having at the end communioating with the office a 
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stoam-tight brass tap. This plan has been adopted owing to not havmg 
proper open space to expose the rain-gauge. 

The whole of the bnilding is constructed of wood for walls and galvanised 
iron roof. 

At my own house I have another complete set of instruments ; the baro- 
meter is in a good light in my library, and the thermometers are exposed in 
a screen made on Stevenson's principle, but with rather better ventilation at 
the top, the top being made on the same principle as the sides. I have had 
all the instruments together in both positions, and found them to correspond 
exactly, and have again frequently tested the readings at given times, and 
after making the allowances necessary for the 87 feet difference in altitude 
between my house and the office found the reading to be the same. 



PROCEEDINGS AT THE MEETINGS OP THE SOCIETY. 

Mat 19th, 1886. 

Ordinary Meeting. 

William Elus, F.E.A.S., President, in the Chair. 

Lawbbnce T. Cave, 13 Lowndes Sauare, S.W. ; and 
Rev. Clifford Malden, M.A., St. Lawrence, Ventnor, Isle of Wight, 
were balloted for and daly elected Fellows of the Society. 

The Foreign Secretary read a letter from the Foreign Office forwarding copies 
of documents relative to the International Congress of Hydrology and Climatology, 
to be held at Biarritz in October next. 

The following Papers were read, viz. :— 

"The Severe Weather of the Winter of 1886-6." By Charles 
Harding, F.R.Met.Soc. (p. 223.) 

"Description of an Altazimuth Anemometer for continuously re« 

CORDING THE VeRTIOAL ANGLE AS WELL AS THE HORIZONTAL DIRECTION AND 

Forge of the Wind.'' By Louis M. Casella. (p. 246.) 

" Earth Temperatures, 1881-1885." By William Marriott, F.R.Met.Soc. 
(p. 263.) 

" Note on the After-Glows of 1883-1884.*' By Arthur W. Clayden, 
MA., F.R.MetSoc. (p. 265.) 



June 16th, 1886. 

Ordinary Meeting. 

William Elus, F.R.A.S., President, in the Chair. 

Rev. John Roberts Boyle, Normanton Terrace, Newcastle-on-Tyne ; and 
H. Beresford de la Poer Wall, M.A., Hamilton and Western District 
College, Hamilton, Victoria, 
were balloted for and duly elected Fellows of the Society. 
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The following Papers were read, vi*. : — 

" Note on a Sudden Squall, January 13th, 1886." By Robert H. Scott, 
M.A., F.R.S., F.R.Met.Soc. 

Nearly nine years ago, November 1877, 1 had the honour to submit to the 
Society a note on a remarkable barometrical oscillation which had occurred in the 
North of the Kingdom on January 30th, 1876.* This apparently was a sort 
of whirlwind, or as the Americans call it, tornado, but as it happened during the 
forenoon of a Sunday, the records of the accompanying weather were not as 
complete as they might have been on a week day. On the present occasion the 
accounts are much fuller. 

My attention was first drawn to this squall by Mr. T. E. Allen, who noticed 
that the barogram at Falmouth showed a sudden temporary fall of the barometer, 
while the record for Kew about two hours later showed the converge change, a 
sudden temporary rise of the barometer. The contrast between the two records 
is strongly marked in the original photographs, but it does not come out at all so 
clearly when the curves are pantagraphed down to the size given in the accompanying 
figure. 

However, I at once began to collect other barosrams, and it soon was manifest 
that the peculiarity of the phenomenon was confined to the South of England. 
In the accompanying figure the records are reproduced from Valencia ; Kilkenny 
(Richard's) ; Falmouth ; Oxford, Radcllffe Observatory ; Kew ; Pall Mall, Messrs. 
Lund and felockley (Redier's) ; Camden Town, Mr. Symons (Redier) ; Geldeston, 
Mr. Dowson (Redier's). Where the type of barograph is not mentioned, the 
instrument is photographic. 

Records of the squall were obtained from several of the stations In connection 
with the Meteorological Office and the Royal Meteorological Society, and in 
addition a large number were supplied by Mr. Symons from his own circle of 
correspondents. 

On examination of the figure, it will be found that the Irish stations show no 




Barograms— January 13tb, 1886. 
1 quaHerlff Journal, Vol, IV. p. 73, 
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very remarkable oscillations of pressure, but when we come to Falmouth we 
notice that at 8 a.m. the mercury began to fall very rapidly,- and by 8.20 it 
had sunk 0*120 in. ; it then remained steady for ten minutes, and rose even more 
rapidly, with a sudden change of wind from West-south-west to West-north-west, 
and an equally sudden fall of temperature of about 5°*5, the wet bulb being more 
affected than the dry. At this station the wind velocity, about 40 miles an 
hour, did not change. At Oxford, which was the nearest station I could find to 
Falmouth, possessing a barograph in action, the sudden fall of the barometer 
does not appear, but just before 10 a.m. the barogram shows a sudden rise, 
followed after about lialf-an-hour by a fall. The rise of the barometer was 
accompanied by a squall between 9.46 and 9.65 a.m., the wind shifting from 
South-west by West to North-west by North, and the temperature falling about 6°. 

At Kew tJie appearances are similar to those of Oxford, and they are com- 
pletely supported by the records of the Redier's instruments at Pall Mall and 
Camden Town. The mercury in the barometer rose rapidly at 10.40 a.m., and 
the subsequent fall took place after a shorter interval than was the case at Oxford. 
There too the rise of the barometer was accompanied by the sudden fall of 
temperature coming with the shift of wind to the Northward in the squall. 

At Greenwich the barograph Was unfortunately out of action at tlie time, but 
the other phenomena of wina direction and sudden change of temperature were 
reproduced, and in addition the Thomson's clectrograph showed a sudden and 
marked change of potential at the epoch of the sliif t of wind : this is precisely 
similar to the change of the same element at the moment of passage of the 
minimum over Kew in the storm of March 12th, 1876.' 

After passing London we have no further barographic record of the movement, 
for it will be seen that the barogram from Gcldeston, near Beccles, shows no 
trace of the disturbance. 

As to the records of the squall, they are numerous but not very precise. The 
occurrence took place in the interval between the regular hours or observation, 
and no trace of it is to be seen in the daily weather chart for 8 a.m. on the 13th. 
In fact the figure shows that the two Irish stations felt little, if anything, of the 
sudden barometrical oscillation. 

The Times of January 14th contains the following paragraph : — " A fierce 
gale from the South-west, accompanied by a thunderstorm, passed over the Mid- 
land and Western Counties yesterday. Trees were uprooted, and in some 
instances the upper parts of houffes wrecked.'* 

The best of all the accounts is that of Mr. H. Southall, F.R.Met.Soc., from Ross, 
in Herefordshire. He says, " The violence of the sijuall which suddenly burst 
upon us at 8.55 a.m. was extraordinary. A short time before I saw a black 
cloud apparently 8 or 10 miles to the North-west, but as the whole sky was verv 
stormy looking and rain had already fallen, I did not imticipate the fury witli 
which in so short a time it assailea us. The barometer had fallen 0*82 in. in 
twenty four hours (much more rapidly at last), the temperature was 46° (a great 
increase during the night), and the wind appeared to be light from South-west. 
With scarcely any further warning a storm of rain and wind enveloped us, tearing 
large branches mm trees, blowing in windows, and in some cases unroofing 
buildings. It lasted only a few minutes." 

Of the MS. reports, those from Ireland and Scotland only mention the weather 
as "squally with hail showers," in fact all the telegraphic reports put down 
**sc|ually" at each hour of observation, but Hurst Castle is the only station at 
which the squall which forms the subject of this paper is specially noticed. In 
all, I have about fifty reports from England and Wales, in addition to what has 
been stated above ; the most important of these are enumerated in the order of 
the recorded time of occurrence. 

St. David's, 8 a.m. Terrific squalls, hail, wind hurricane force. 

Stokesay, near Craven Arms (Salop), 8.25 a.m. Wind suddenly changed from 
South-west to North-west, with heavy hail till 8.46 a.m. 

Woolstaston (Salop), 8.25 to 8.40 a.m. 

Orleton (Worcestershire), 8.30 a.m. 

Cheadle, 8.30 a.m. 

Cheltenham. Squall with heavy rain for ten minutes, at 9 a.m. 

I quartm-lifjomrma^yohni.f. 169, 
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Stroud, 9.15 ft.m. 

Leicester. Great storm at 9.15 a.m. 

Coston (Leicestershire), 9.30 a.m. 

Cirencester. Gale, amounting to a hurricane, for a few minutes at 9.30 a.m., 
during which time several trees fell. 

Babhacombe, 9.55 a.m. 

Teignmouth, 10 a.m. 

Banbury, 10 a.m. 

Harestock (Hants), 10 a.m. 

Ketton, near Stamford, 10 a.m. 

Reading, 10.15 a.m. 

Great Berkhampstead. A heavy downpour of rain, immediately followed by a 
short but very heavy fall of small hail, and accompanied by a violent wind, took 

Slace between 10.17 and 10.21 a.m. Mean velocity of wind for one half minute 
uring this squall, equal to a rate of 48 miles an hour. 

Finchley. Between 10.30 and 11 a.m., wind veering suddenly from South- 
west to North-west. 

Cooper's Hill, Staines. Hail squall 10.35. 

Southampton. A sudden violent storm of wind with rain at 10.30 a.m., which 
lasted about 15 minutes. 

Hurst Castle, 10.30 a.m. 

Sonthboume (Hants). Sudden gale from West-north-west at 10.50 a.m., 
lasting only 8 minutes. 

St Lawrence (Isle of Wight). Lasting 10 minutes at 10.60 a.m. ' 

Beddington, 11.12. Squall, Bwrydiee sort. 

Hythe. Heavy rain squall at noon. 

On plotting these statements on a map we find a motion from West-north-west 
to East-south-east shown generally. Some of the statements, however, do not 
harmonise auite well with each other. 

The squall was also reported from the following places, but without any state- 
ment as to time of occurrence : — 

Llanfrechfa (Monmouthshire). Wednesbury : <*A steam travelling crane, 
with its frame work 50 or 60 feet high, was blown from the embankment on 
which it stood into .the Old Park Road,'* Birmingham. Stratford-on-Avon : 
" The Great Western station was unroofed." Langton Herring, near Weymouth : 
" A gale doing considerable damage to the boats on Chesil Beach, and uprooting 
trees in this neighbourhood." Littlehampton, and Wallington, near Croydon. 



DISCUSSION. 

Mr. Mawley said that he was just about to leave his house on the morning in 
question, when he noticed that the wind had suddenly become unusually high, and 
BO went at once to the recording instrument of his Beckley's anemograph, to 
which he had attached a dial divided to hundredths of a mile. He found on 
reaching the instrument that the rate at which the wind was travelling during the 
first 15 seconds was 30 miles an hour, and that for the next half minute the mean 
rate was 48 miles an hour. Yet in the next 15 seconds only 15 miles an hour 
was indicated, and the highest rate observed after this time was but 17 miles an 
hour. These particulars showed not only the remarkable briefness of this squall, 
but also the very sudden wav in which the wind dropped as the squall passed off. 

Mr. Symonb pointed out how extremely desirable it was that observers should 
keep correct time, and be careful to note the exact moment of occurrence of the 
various phenomena which visited them. The barometer curve shown for Teign- 
mouth appeared to be wrong as regards time. 

Mr. Strachan inquired whether Greenwich time was used at all the stations. 

Mr. C. Hasding referred to the account given of this squall in the Standard 
newspaper of January 14th, 16th. and 19th, and quoted several extracts from the 
imformation collected. He stated ^at he had mapped the progress of this squall, 
and its course seems to have been from West-north-west to East-south-east, and 
its rate of motion about 70 miles an hour. It was, however, very unsafe in 

Ehenomena of this description to be at idl certain as to the rate of travel, for the 
ne of squalls extended qver a considerable area of the countiy, and the squalls 
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were of a similar character with respect to sadden change of wind and other 
accompaniments, being coincident in time at places considerably removed from 
each other. 

Mr. Archibald said that this squall seemed to be very similar to those experi- 
enced with the "North-westers" of India. He noticed that the Greenwich 
anemograph trace showed a very sadden change in the direction of the wind. 

Mr. CuBTis said the squall appeared to be due to the passage of a subsidiary 
depression, which in many respects was very similar to the one which caused the 
loss of the Eurydiee^ and which Mr. Abercromby had called a V-shaped depression. 
The most marked feature of the phenomena appeared to be the suaden rise of the 
barometer which accompanied the veering of the wind to the North-west At 
the more western stations this followed directlv upon an equally sudden fall, and 
was at once succeeded by a fresh but gradual aecrease. At the eastern stations, 
on the contrary, no acceleration of the fall preceded the rise, but after a short 
interval it was followed by a very sudden drop of the mercury. This might 
assist in tracing the path of the depression. The wind had not backed anywhere 
in Great Britain, but as far north as Aberdeen it had veered. The discrepancy 
in the time at Teignmouth, referred to, might be due either to error of clock or 
to the use of local time at that station ; the curve was correctly copied from the 
original. At Falmouth, Greenwich mean time was used. 

Mr. Gaster remarked that this squall was caused by a broad North-westerly 
current of wind advancing with rapidity and having a very level South-east 
margin. It would therefore inpinse on the previously existing Westerly cur- 
rent at an angle of about 45**, and in this way a series of squalls would be 
developed along the line of contact, causing the am^earanee of a single squall 
travelling from place to place with extreme rapidity. The fact would be that 
numerous squalls, not necessarily of the same character, would be developed in 
rapid succession at the stations over which the contact took place. Hence the 
more care is necessary in deciding whether phenomena occurring in chronological 
order at a line of stations are the result of one travelling, or of several independent, 
disturbances. 

Mr. Whipple appealed to observers to procure Richard barographs, in order 
that by recording the occurrence of sudden oscillations due to squalls, such as the 
•ne referred to in the paper, the^ might assist those investigators who were 
engaged in determining the laws oi weather progression. 

Mr. Scott, in reply, said that possibly the instrument at Teignmouth. a Richard 
barograph, was wrong in time. 

The President (Mr. Ellis) said that this inquirv well illustrated the advantage 
of possessing continuous records, for without such it could not have been made. 
Many otherwise excellent barographs are arranged to give only an intermittent 
record, as once in ten or twenty minutes, and in some cases less freauently, which 
is insufficient for the proper investigation of phenomena of the kind dealt with in 
the paper. 



"The Floods of May, 1886." By William Marriott, F.R.Met.Soc , and 
F. Gaster, F.R.MetSoc. (p. 269.) 

" On Atmospheric Pressure and its Eppect on the Tidal Wave." By 
Capt. W. N. Greenwood, F JLMet.Soc. (p. 283.) 

" Meteorological Results at Levuka and Suta, 1875-1885, with Notes 
on the Climate of Fiji." By J. D. W. Vauohan, F.R.Met.Soc« (p. 285.) 



CORRESPONDENCE AND NOTES. 

The Cumate of Dublin. By J. W. Moore, M.D., F.R.Met.Soc. 

At the Meeting of the Sub-Section of State Medicine of the Academy of 
Medicine in Ireland, on April 2l8t, 1886, Dr. Moore read a paper on the CUmi^t^ 
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of Dublin, based on twenty years' observations, 1866-1884, of which the follow- 
ing is an abstract : — 

The climate of Dublin is, in the fullest sense, an insular one, free from 
extremes of heat and cold, except on very rare occasions ; and characterised by 
a moderate rainfall (about 28 inches) annually, wliich is distributed, however, 
over a large number of days (about 195 in each year). Clouded skies, a high 
degree of humidity, and a prevalence of brisk winds — chiefly from Westerly 
points — make up the climatology of the Irish capital. 

In common with the rest of the British Islands, Dublin owes its mild equable 
climate to the proximity of the North Atlantic Ocean and its surface current 
of warm water — the Gulf Stream. But local natural advantages as regards 
situation exercise a further beneficial effect on the climate of Dublin. A few 
miles south of the city lies a range of hills, with summits varying in height 
from 1,000 to more than 2,500 feet. This mountain chain intercepts the vapour- 
laden winds at all points between South-south-east and South-west, and so the 
rainfall is diminished and the sky is comparatively cleared* during the continu- 
ance of the Southerly and South-westerly winds which so frequently prevail. The 
absence of any very high ground to the northward of the city — with the excep- 
tion of the Hill of Ilowth — which rises, however, only to 563 feet — also 
prevents excessive precipitation with South-west winds. It is true that with 
Easterly (South-east to Nortli-east or North) winds the precipitation (often in 
the form of hail, and in winter of sleet or snow) in and about Dublin exceeds 
that which occurs at such a time inland or on the Atlantic coasts. Were it not 
for this " lee-shore '* condensation the Dublin rainfall would be considerably 
smaller even than it is. 

The second local feature which ameliorates the climate of the capital is the 
proximity of the sea to the eastward of the city. The keen, dry, searching 
Easterly winds of winter and spring are much softened in their passage across the 
Irish Sea, so that during their prevalence the thermometer occasionally stands 
some 5° or upwards higher in Dublin than it does at Holyhead, although this 
latter place is actually on the sea. It is true that the converse Iiolds good 
during Westerly and North-westerly winds, when severe frost sometimes occurs 
in winter in Dublin, while the thermometer remains decidedly above the 
freezing point at Holyhead. Yet these latter winds are never so piercingly cold 
and parching as those from Easterly points. Nor is it in winter merely that the 
Irish Sea confers a benefit upon Dublin. In calm, clear weather in summer time, 
no sooner has the sun mounted high in the heavens than a cool refreshing sea- 
breeze sets in towards the land, so that consequently extreme or oppressive heat 
is rarely experienced. Indeed, an oppressive atmosphere happens only when a 
damp warm South-west wind is blowing, witli a more or less clouded sky. Tem- 
peratures above 80° in the shade in Dublin nearly always coincide with winds 
off the land, from some point between South and West, and a clear or only 
slightly clouded sky. 

Among climatic phenomena, the inf requency of thunderstorms and the relative 
frequency of hail-showers in Dublin are worthy of note. In winter, fog and 
frost often prevail in the city when a Northerly breeze is blowing along tlie coast, 
accompanied with a higher temperature and perhaps showers of rain. Lastly, in 
summer, with a Westerly wind, hea\y showers fall at times in the valley of the 
Liffey, while the neighbouring higher lands enjoy dry weather. 

The accompanying Tables give tlie montlily, yearly, and average temperature 
and rainfall for the twenty years 1865-1884. The temperature values are the 
means of the daily maximum and minimum readings. 

The author supplies the following information as to the exposure of the 
thermometers, &c. Prior to 1867, the thermometers were exposed in the window 
of his rooms in Trinity College facing East, at an elevation of 6 feet above tlie 
ground. Since October 1867, the thermometers have been placed in a modified 
Stevenson screen under the wall of a small garden facing North-north-east. Tlie 
wall is about 9 feet high, and the garden measures 90 feet long, and 23 feet wide, 
the screen is distant 64 feet from the dwelling house and 27 feet from the 
stable. Prior to 1870 the barometer observations are not as trustworthy as subse- 
quently, as at that date an excellent barometer by Adie was obtained from the 
Meteorological Office. 
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TABLE I. 

Monthly, Yearly, and Average Mean Temperature op the Air in Dublin, 

FOR THE Twenty Years, 1865-1884. 
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TABLE IL 

Monthly and Yearly Bainfall at Dublin during the Twenty Years 
1865 TO 1884. 
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1-89 
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3-06 


3-33 


2-86 


27-46 
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1-89 
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3-63 


2-12 I-8l 
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I'OI 
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1*49 


1-66 


2588 
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3-09 
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4-97 


218 280 


I'I2 
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i-i8 


2-85 1-26 


77 
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74 
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•80 


25-37 


1872 


287 


2 56, 242 


2-66, 2-i6 


3-28 


I'lO 


4*30 


2-46 342, 3-41 
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General Characters of the Summer Monsoon. By H. F. Blanford, 
P.R.S., F.R.Met.Soc. 

Mr. Blanford, in his Paper on <' The Riunf all of India,*' gives the following 
brief description of the general characters of the sammer monsoon, in so far as 
they affect those of the rainfall of the Indian area^ :— 

The general fact that the summer monsoon is due to differential action of the 
sun on the land of Southern Asia, to the heating of the land surface and the 
superincumbent atmosphere, and the consequent formation of a barometric depres- 
sion over the land, towards which currents of air set in chiefly from the neigh- 
bouring seas, has long been one of the standing and familiar truths of meteorology. 
An error which still occasionally finds place in popular treatises, but which has 
lone disappeared from those having any pretension to authority, is tiiat the goal 
of the Inaian monsoon is situated in Central Asia ; the existence of an impassable 
barrier in the Himalavan chain and the ^eat plateau of Thibet having been 
somewhat unaccountably disregarded. It is, indeed, true that, rarely and excep- 
tionally, a rain or snow precipitating current penetrates far into the Himalaya, 
such precipitation having been recorded on one or two occasions in recent jrears 
at Leh and in the interior of Lahoul ; but, with such rare exceptions, the winter 
and spring, and not the summer, are the seasons of precipitation on all but the 
outermost and most southern ranges of the Himalaya ; and since the condensation 
of water vapour, as cloud, snow or rain, is the necessary concomitant and indica- 
tion of an actively ascending current, and the goal and terminus of every hori- 
zontal air current must be the place of its ascent, we may justly regard Northern 
India as the goal of the local monsoon. 

So rapidly does the differential action of the sun on the land surface manifest 
itself in the early months of the year, that, so early as February, the barometric 
pressure in the interior of the peninsula begins to fall below that of the surround- 
ing seas. This depression speedily extends northwards, and in March and April 
the region of greatest heat is situated in the Deccan, Central India, and Chutia 
Nagpur ; the seat of lowest pressure being established on the eastern marein of 
the most heated tract, viz. in Chutia Nagpur or Northern Bengal. The inmix of 
sea air, that follows immediately on this disturbance of atmospheric equilibrium, 
is practically restricted to the south and east of the Indian Peninsula and 
Bengal, the consequence being the production of the short-lived local storms and 
showers as the characteristic form of the spring rainfalL 

It was pointed out by Maury, and I have quoted his remarks with general 
ac(][uie8cence in mv own description of the Meteorology of India, that the winds 
which begin in February as sea winds, merely on the coast of the Sunderbunds, 
are gradually drawn in the subsequent months from greater distances at sea ; 
and the wind table of the Bay of Bengal, drawn up by Lieutenant Comelissen 
and reproduced in the Indian Meteorologist's Vade-Mecum (p. 182), shows that 
the predominance of winds from between south and west is first established in 
the north of the Bay and extends gradually southwards. But, as Mr. Eliot has 
emphatically pointed out, in his recently-published Memoir on Southrvoeitem 
Monsoon Storms^ " the northward extension of the South-east Trades across the 
Equator, and their continuation up the Bay, is a meteorological phenomenon of a 
different order of magnitude and intensity from that of the establishment and 
gradual intensification of the local sea winds at the head of the Bay and on the 
Bengal coast, in February and the hot weather months," and he regards tiiis 
extension of the Southern Trades as the distinctive feature of the summer mon- 
soon. That the setting in of the monsoon rains is a distinct and individualised 
phenomenon, to a certain extent catastroi>hic in character, and not merely the 
gradual intensification of the Southerly winds of the early summer months, has 
long been recognised by popular observation, and in the popular expression the 
'^ burst of the monsoon" ; and I have myself more than once pointed to the fact 
in previous writings, though less emphatically than Mr. Eliot has done in the 
passage above quoted. It has also long been known from the descriptions of 
Dampier, Basil Mali, and others, that during the South-west monsoon the South- 
east Trades are frequently continuous across the Equator ; and it is very likety 
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that it is the linking up of the wind currents on the opposite sides of the Equator 
that determines the rush of saturated air that ushers in the monsoon rains. 
Nevertheless, the fact has been called in question by Dr. Muhiy, who regards the 
Sottth-west monsoon of Indian seas as a mere " detraction " or diversion of the 
lowest portion of the North-east Trade, and has endeavoured to show that the 
belt of equatorial calms extends uninterruptedly around the earth in the monsoon 
region as elsewhere, with but a slight annual shifting of its position. That his 
view of the South-west monsoon, as thus expressed, is erroneous, and rests on a 
misapprehension of an observation of Colonel Sykes, and that he altogether 
under-estimates the vertical tiiickness of the sununer monsoon, I have endeavoured 
to show elsewhere. But that the equatorial belt of constant rainfall exists across 
the monsoon region, and is not boduy transferred northwards to India and south- 
wards to Australia with the annual march of the sun in declination, is a well- 
established fact, and has been amply confirmed by the numerous rainfall registers 
of ^e Malav Archipelago, obtained, during the last five years, by the exertions 
of the Late Dr. Bergsma. These registers snow that, while in ttie neighbourhood 
of the Equator the season of the neaviest and most frequent rainfall is from 
November to Januarv (the former being the epoch of maximum in the North, the 
latter in the South or the line), there is no month in which the precipitation does 
not amount to at least three or four per cent, of the annual total. In fact, during 
the monsoon the whole region between the Equator and the Himalaya is more 
or less one of precipitation, and may be regarded rather as an extension and 
broadening out of the normal equatorial rainy zone, with a northward transfer of 
its maximum and a partial concentration in Northern India, rather than a bodily 
transfer of the jsone northwards to Southern Asia. This view is quite consistent 
with the facts deduced in the foregoing discussion, viz. the double maximum of 
Ceylon, Travancore, Tenasserim and the Bay Islands ; and it will be found greatly 
to facilitate Uie comprehension of many characteristic features of the monsoon, 
such as its oscillations, which Mr. Eliot more especially has described in several 
of his writings in this serial, and those well-known vicissitudes in the rainfall of 
India which will be treated of at length in the second part of this memoir. 

The linking-np of the South-east Trades with the South-west monsoon in a 
continuous stream of air is not by any means constant, nor, I think, a very 
frequent condition even during the height of the monsoon ; as appears from the 
table drawn up bv Lieutenant Comelissen (above referred to), and also from the 
wind charts whicfi are now preparing for publication by the Indian Meteorological 
Office. Nor even, as would seem from the logs given by Mr. Eliot in his 
Memoiri on Oyeloms^ while a cyclone is raging in the Bay of Bengal, at a time, 
therefore, when the monsoon current which feeds the cyclone is at its strongest. 
do ships crossing the line always find the South-east Trade veering to South ana 
then to South-west. On the contrary^ in the immediate neighbourhood of the 
line, and as far north as Ceylon, the winds appear to be, as a rule, more westerly 
than in the Bay of Bengal, West and West-south-west being by far the most 
frequent entries in the logs, and these winds are variable and squally, very 
different in character from the Trade winds, and frequently accompanied with 
heavy rain or squalls of rain, implying no small amount of local convection. 

Instead, then, of the monsoon being simply a prolongation of the Trades, the 
case would rather seem to be that most frequently it originates in this variable, 
but on the whole westerly and rainy, current, which is doubtless fed by the 
South-east Trades, and consists of nearly saturated air ; but it represents only a 
portion of the air poured by the Southern Trade winds into the Equatorial region, 
the remainder ascending convectively, precisely as in the Atlantic Doldrums. 
Nor is the monsoon drawn from this source alone. It is probably recruited, to a 
very considerable extent, from more northern latitudes, especially during fine 
intervals, when the current is slacker and the rainfall on the Indian mainland 
less copious ; and it is to the varying degrees in which the two sources of supply 
are respectively drawn upon to furnish the indraught that I would attribute the 
variations of the rainfall during the progress of the season, and those more im- 
portant vicissitudes of different years to which I shall have to draw attention in 
the sequel. 

Rain does not fall continuously or steadily in any part of India during the 
rainy season. In the wettest tracts indeed, such as the Western Ghats, Eastern 
Bengal, Cachar and Arakan, there are very few absolutely rainless days in July 
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and August ; but even in these, sometimes for several days in succession, an 
afternoon shower represents the whole rainfall of the day : and, as a general rule, 
in Northern India tne rainy season is made up of perioas of two or three days 
with heavy rain, alternating with more or less similar intervals of comparatively 
fine weather; the fine intervals increasing in length and serenity as we ap- 
proach the dry tracts in North-western and Southern India. These alternations 
of fair and wet weather coincide with barometric oscillations, which affect 
simultaneously and pretty equably either the greater part of India, or it may be 
only the Northern, Western or Eastern division, but always a great extent of 
country ; and their amplitude is greater in Northern than in Southern India, thus 
tending alternately to increase or diminish the barometric gradient that favours 
the Southerly monsoon. As a rule, the barometer falls during the finer intervals 
and rises with the rainfall. The cause and nature of these oscillations are still 
but little understood. They are not restricted to the rainy season, but occur at 
all times of the year, and are perhaps greatest just before the setting in of the 
rains. They have no necessary connection witn the formation and passage of 
cyclonic storms, but a downward oscillation is frequently the precursor of one of 
these storms. 

During the breaks in the rains the winds of North-western India are frequently 
from the West and sometimes even from the North-west ; and, as I have pointed 
out elsewhere, are similar in character, and probably in their origin, to the 
normal land winds of the spring. Occasionally they continued to blow for 
several weeks, even durins the height of the ordinary monsoon season (in July 
and August^ and they then exclude the rain-bearing current from the greater 
part of Nortnem, Central and Western India. When thus prolonged, the draught 
that accompanies them is always prejudicial to the crops on the higher and 
therefore drier lands ; but, provided good rain has fallen at the beginning 
of the season, and that they are followed by another general downpour in Sep- 
tember, the destruction is not of a disastrous character. A noteworthy barometric 
feature, which is the invariable accompaniment of these winds when they extend 
far to the Eastward and Southward, is a relative rise of pressure in Western 
India, causing the isobars in Kajputana to advance to the North, and partially or 
completely to interrupt the trough of low pressure, which is shown on the normal 
isobaric cliarts of the summer months, extending from Chutia Nagpur to the 
Punjab and Upper Sind. At the same time the isobars run more obliquely (from 
North-west to bouth-east) across Central India and the peninsula. These features 
have been frequently noticed in the annual Reports on the Meteorology of India 
as characteri^ic of periods of drought. 

The greater part of the rainfall of the summer monsoon is more or less 
sporadic, and accompanied with but slight local disturbance of the normal dis- 
tribution of pressure ; being most frequent and regular in and immediately 
around the eastern half of the trough of low pressure that lies between the 
two branches of the monsoon. This includes Lower Bengal, Chutia Nagpur, 
Orissa, the greater part of the Central Provinces, and the numerous tributary stotes 
lying oetween. It is the region wherein the average fall exceeds forty inches. 
But the heaviest falls are those which accompany the passage of the cyclonic 
storms, which we now know to constitute a frequent and characteristic feature 
of the summer monsoon. Many of these have been described and illustrated in 
the annual Reports on the Meteorology of India, and some at more length by Mr. 
John Eliot in previous volumes of these Memoirs ; and in the sixth memoir of 
the second volume he has given an admirable summary of their characteristic 
features and tracks, and has pointed out wherein they differ from the more violent 
and destructive storms of the transition periods (May and October to November), 
That their existence had been ignored or rather was unknown until within recent 
years, and that the annual distribution of cyclones was believed to have a double 
maximum (corresponding to the transition periods), is now fully explained. Mr. 
Eliot has shown that this is due to their affecting a greater depth of the atmo- 
sphere, occurring, as they do, when the summer monsoon is at its height and its 
greatest vertical thickness. Ck)nsequently. the horizontal movement of the winds 
is less violent and the barometric depression at their centre but small, although 
the volume of air poured in, if measured by the quantity of water condensed 
and precipitated, is at least as great as in the storms of tne transition periods ; 
and the vortices have greater durability, being less obstructed and impeded by 
the irregularities of the land surface over which they pass. 
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RECENT PUBLICATIONS. 

Aherioan Meteobolooioal Journal. A Monthly Review of Meteorology, 
Medical Climatology and Geography. Vol. III. Nos. B-i, Jnly and 
August 1886. 8yo. 
Contains: — Cyclones, Anticyclones and Pericyclones, bv W. M. Davis (2 pp.). 
—Waterspouts on the Gulf Stream in winter, by H. B. Gibson (8 pp.). About 
30 per cent, of the Waterspouts occur in the cold months, and generally in tlie 
south-western part of the area of low pressure. In the warm months they 
generally appear in the south-eastern quadrant, the same as is characterised by 
timnderstorms on land. — The Origin of the Red Glows, by Rev. S. Bishop (12 pp.), 
— On Vertical Currents in Cyclones ^7 pp.). — On the Method of Cloud Forma- 
tion in Cyclones, by H. H. Clayton (4 pp.). 

Annuaibe de la SociiiTi: Mj&t^obolooique de Fbance. 84me Ann^e. 
1886, May. 4to, 

Contains : — De la mar^e atraosph6rique, par M. Hauvel (6 pp.). — Notice sur 
robservatoire Gruby, par E. Cass^ (3 pp.). — La n6bulosit6 et rh^liographe de 
Campbell, par P. Coeurdevache (2 pp.). 

Akntjal Repobt of the Board of Regents of the Smithsonian Institution 
for the Year 1884. 8vo. 1885. xxxvn. + 904 pp. 

The General Appendix contains a record of scientific progress during 1884. 
That on Meteorology ^176 pp.) has been prepared by Prof. Cleveland Aboe, and 
consists of a series oi short abstracts and notes relative to the principal me- 
teorological items that have been published up to the end of 1884. The value 
of this article is greatly enhanced by a copious index, and also by a Biblio- 
graphy of Meteorology for 1884. 

ABOmVES DBS SOIBNOSS PHYSIQUES ET NATUBELLES. Tome XTV. July BOd 

November 1885. 8vo. 

This contains two papers by M. A. Kammermann, of the Geneva Observatory, 
entitled (1) PremiSre 6tude sur le minimum de nuit (49 pp.) ; and (2) Le 
thermom^tre ^ boule mouill^e et son emploi pour la provision du temps (10 pp.). 

Bbitish Rainfall, 1885. On the Distribution of Rain over tiie British 
Isles during the Year 1885, as observed at more than 2,000 Stations in 
Gbreat Britain and Ireland, with Articles upon various branches of 
Rainfall work. Compiled by G. J. Symons, F.R.S. 8vo. 1886. 
278 pp. and 4 plates. 
The year 1885 was on the average of the whole countr)r a dry year, but by 
no means remarkably so. The largest rainfall was 197-92 ins. at The Stye, in 
Cumberland, and the least 16*73 ins. at Leith. In addition to the usual informa- 
tion and tables respecting the rainfall during the year, there are articles on the 
following subjects : — Dr. Wild on the influence of dfimensiona and position upon the 
indications ot rain gauges ^10 pp. and plate). — On the Relative Fall of Rain during 
the Day and during the Night (4 pp.). From the results of twenty years' obser- 
vations at Camden Square, it appears that in winter the nights are wetter than the 
days ; in spring and autumn there is not much difference ; while in summer nearly 
half as much again falls by day as by night. 

Cape of Good Hopb. Report of the Meteobolooioal Commission for the 
Year 1885. Foolscap folio, vi. + 27 pp. 1886. 
This Commission is doing good service by collecting observations from various 
parts of South Africa. The stations, which are nearly all supplied with Steven- 
son Thermometer Screens, are inspected by the Secretary in a similar manner 
to those of the Royal Meteorological Society. The observations may therefore 
be looked on as comparable with each other. In 1885 the highest temperature 
recorded at any of the stations was 109°0 in January at Oudtshoom, lat. 33°36' S, 
long. 22n3' E, and the lowest 16^0 in June at Aliwal North, lat. 30^43' S, long. 
26*43' E, and at Bloemfontein, lat. 28^56' S, long. 26°18' E. The greatest 
rainfall was 77'87 ins. on Table Mountain, 3,050 feet above sea level, and the 
least 1-58 in. at Port Nolloth, lat. 29«14' S, long. 16°51' E. At Pella, in lat. 
29^4' S, long. 19°12 E, rain fell on nine days only during the year. 
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GnsL ET Tesbe. Revue popnlaire d^Astronomie, de M^t^orologie et de 

Physique du Globe. Deuxiime S^rie. 2ine Ann^, Noe. 9-li, July io 

September 1886. 8yo. 

The principal meteorological articles are : Les ph^nomdnes p^riodiques de la 

T6e6tation. par C. Ferrari (8 pp.)- — l^es depressions atmosph^riqaes (7 pp.)- — 

Influence aes masses de neige snr le climat, par A. Woeikof (11 pp.).^Trombe 

k Bucharest, by Dr. S. Hepites (2 pp.). — Aper9u des travaux scientifiques 

ex^ut^s k rObsenratoure du Pic du Midi (16 pp.).— Les p6riodes glaciures et 

les variations du climat, par £. Lagrange (18 pp.). — Les zones de temperature k 

la surface de la terre (7 pp.).— La transparence de Pair aprds la pluie, par J. 

Vincent (2 pp.). 

Indian METBOBOLoaioAL Memoibs: being occasional Discussions and Gom- 
pih&tions of Meteorological Data relating to India and the Neighbouring 
Countries. Published under the direction of Henbt F. Blanfobd, 
F.B.S., Meteorological Beporter to the Government of India. Vol. lY. 
PartL 4to. 1886. 
Contains :— Account of the South-west Monsoon Storm of the 12th to the 17th 

of May 1884 in the Bay of Bengal and at Akyab, by J. Eliot, M.A. (38 pp. and 

2 plates).— On the Diurnal Variation of the Rainfall at Calcutta, by H. F. 

Blanf ord , F.R.S. (8 pp. and plate).— The Meteorological Features of the Southern 

Part of the Bay of Bengal, by W. L. Dallas (11 pp. and plate). 

Meteobolooisohe Zeitsohbift. Herausgegeben von der oesterreiohisohen 

Gesellschafb fiir Meteorologie und der deutschen meteorologischen 

Gesellschafb. Bedigirt von Dr. J. Hann und Dr. W. Koppen. Dritter 

Jahrgang 1886, Heft 7-9, July-September. 4to. 

Contains : — Ueber die tagliche Variation des Luftdruckes wShrend des nord- 

ischen Winters, von N. Ekholm (5 pp.). The author shows that there is from 



the observations at Upsala at Cape Thordsen (Spitzber^n) a decided difference 
in the curve of dailv range of pressure when the conditions are cyclonic or anti- 
cvclonic respectively, and he points out that this probably extends to other 
elements. — Die Schwankungen des Wasserstandes im Schwarzen Meer und ihre 
Ursachen, von Dr. E. Brftckner (12 pp^.-^'Die Luftstromungen ftber Berlin in 
der vier Jahreszeiten, nach Dr. F. vettin (8 pp.). The author states the 
cumulus occurs at idl levels, even above cirrus. The most interesting result is 
that at all doud levels, especially the lowest, the northerly component is the 
strongest, and this motion is not compensated for by the frequence of South-west 
winds at the earth's surface, as these only affect a very limited stratum. The 
velocity in the cirrus region is about three times that at the earth*s surface, but 
the increaft^in rate is irregular, being checked at the level of the lower clouds, 
evidently owing to the processes of cloud formation going on there. — ^Bestimmung 
der Bewegung eines Luftbidlons durch trigonometriscne Messungen von zwei 
Standpunkten, von Dr. P. Schreiber (5 pp.). — Die Gewitter des oberen Leinethales 
am 1 Juni 1886, von Dr. H. Meyer ([7 pp. and plate). — Thermometer-Aufstellung, 
von Prof. H. A. Hazen (3 pp.). — Die vertheilung derRegenmengen in Brasilien, 
von Prof. F. M. Draenert (11 pp.^. The results mainly relate to the southern 
portion of the empire, and the Atlantic seaboard, where stations are more closely 
placed than in the interior and alone the Amazons. — Die Einwirkung der baro« 
metrischen Minima und Maxima auf die Richtung des Windes und Wolkenzuges, 
da^estellt nach den telegraphischen Wetterberichten der deutschen Seewarte 
una den eini^en Wolkenmessungen in Berlin wahrend des Jahres Mai 1883-84, 
von Dr. Vettin (11 pp. and plate). The author states the principal result thus: — 
" From all these Tables it appears that in the region of the barometric depres- 
sions and the maxima, we have not exclusively cyclonic and anticyclonic motions, 
but there are also other currents of a higher order (Westerly, and in the lowest 
stratum also Easterly) which pass through and make their influence to be 
distinctly perceived in the observations."— Tagliche Drehung des Wolkenzuges, 
von A. Kichter (5 pp.). 

Nova Acta Regis: Sooibtatis Soientiabum Upsalibksis. Ser. in. 4to. 
1886. 
Contains : — Sur une nouvelle m6thode de faire des mesures absolues de la 
chaleur rayonnante ainsi qu*an instrument pour enregistrer la radiation solaire, 
par K. Angstrom (17 pp. and plate). 
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Obsebvations of the Intebnational Polab Expeditions, 1882-88. Fobt 
Bab. 4io. 1886. 
Fort Bae formed one of the series of circumpolar positions, occupied in accord- 
4uice with the scheme proposed by the late Lieut. C. Wejprecht for concerted 
physical observations to be carried on for at least a full year, at di£ferent stations 
fiituated around the Poles. The expense of the expedition was defrayed by 
grants from the British Goyemment, and from the Govemment of the Dominion of 
Canada. Capt. H. P. Dawson, B. A., was ^pointed to command theparty, which 
consisted of three observers. Fort Rae is one of the posts of the Hudson^s Bay 
Company, and is situated in lat 62'' SS' 52" N, and long. 115'' 43' 5(r W, on a 
bay on the northern shore of the Great Slave Lake. The observations extended 
from September 1st, 1882, to August 31st, 1883. 

Bepobt on the Meteobolooy of Indu in 1884. By Henby F. Blanfobd, 
F.B.S.y Meteorological Beporter to the Government of India. Tenth 
Year. 4to. 1886. 458 pp. and 4 plates. 
This system now comprises 134 meteorological observatories and 478 rainfall 
stations. The year 1884 was characterised throughout by a remarkable deficiency 
of insolation, greater even than that of the preceding year. The mean air tem- 
perature has undergone a similar but smaller fall. On the average of all parts 
of the area, 1884 was a cooler year than 1883, and both were considerably cooler 
than any other year subsequent to 1874. The absolute humidity of the air was 
rather below the average, and the cloud proportion was also somewhat less than 
usual. Bnt the rainfall was, on the whole, in excess, owing mainly to the heavy 
precipitation of North-western and Central India and the Camatic ] for Bengal 
and tne Eastern Provinces generally had less than the average. 

Besults of Bain and Biveb Obsebyations hade m New South Wales 
daring 1885: H. 0. Bussell, B.A., F.B.A.S., Government Astronomer 
for New South Wales. 8vo. 1886. 80 pp. and 8 plates. 
The number of rainfall stations in New South Wales now amounts to 641. 
In addition to the monthly and annual rainfall for the year 1885, there is a re- 
turn showing the annual rainfall at all stations with three years* and up to four- 
teen years' records n872-1885), and also a table giving the rainfall records in 
Australia fi'om 1822 to 1885. Mr. Bussell now considers that the annual 
average rainfall of the colony is 26 inches. 

Btmons*s Monthly Meteobolooioal Magazine. Vol. XXI. Nos. 246-248. 
July-September 1886. 8vo. 
The principal articles are : — Climatological Betums from Japan (3 pp.). — ^The 
Sonnblick Observatory (2 pp.y — Temperature Observations on Lincoln Cathe- 
dral (1 p.V — The Volcanic Fnenomena in New Zealand (5 pp.). — Particulars of 
the Flooa of May 14th to 16th, 1886, as observed on the Biver Severn between 
Stourport and Gloucester, and compared with the Winter Floods of 1770 
and 1852, by H. J. Marten (3 pp.). — On the Climate of the British Empire 
during 1885 (3 pp.). — Polar Meteorological Observations (6 pp.). — ^Whirlwind 
and Waterspout in South Wales (3 pp.). — ^A Shower of Snails (2 pp.). 

TjlANSACTIONS AND PbOCEEDINOS AND BePOBT OF THE BoTAL SoCIETY OF 

South Australia. Vol. VIII. 8vo. 1886. 

Contains the following papers on meteorological subjects: — ^Notes on Irri- 
descent Clouds, by W. A* Jones (8 pp.). — A Few Bemarks about Weather Fore- 
casting for South Australia, by W. £. Cooke, B.A. (4 pp.). The author thinks 
that it would be premature to issue forecasts at present until the behaviour of 
storms between Leeuwin and Eucla is more thoroughly understood, and this can 
only be done by careful inspection every day of isobar maps of tiie entire con- 
tinent, such as are displayed in the hall of the Post Office, Adelaide, and by 
carefully noting the weather accompanying certain recognised forms of. disturb- 
ance. 

Tbansaotions of the Cbotdon Miobosoopioal and Natubal Histobt Club, 
1886. 8vo. 

This contains a Beport of the Meteorological Committee on the tr ^perature 
and the rainfall of the Croydon District for the five years 1881-85, prepared by 
H. S. Eaton, M.A., Secretary (34 pp.). 
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Altazimuth Anemometer, 246. 

Anemometer, 246. 
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Balance Sheet, 84. 

Barometer, Historical Account of, 131. 
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Clouds, 102. 
Climate, Influence of Forests upon, 26, 

124. 
Climatology of the Sea, 65. 
Clouds, Naming of, 99. 

, Thickness of, 102. 

Clunn (T. B. H.) elected, 61. 
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Moore (Dr. J. W.}, The Climate of Dublin, 

295. 
Moss (Caj^t. M. T.), Acconnt of the Cyclone 

of Jane 3rd, 1885, in the Arabian Sea, 

174. 
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Notes and Correspondence, 62, 122, 212, 
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Observatories, Reports of, 94. 
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Phenological Observations, 1885, 38. 
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Preston (Bev. T. A.), Beport on the Phe- 
nological Observations for 1885, 88. 

Proceedings at the Meetings, 61, 120, 211, 
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Publications, Becent, 62, 126, 218, 301. 

Bainfall at Eutching, 214. 

Bain, Formation of, 106. 

Becent Publications, 62, 126, 218, 301. 

Bedford (Bev. F.), Obituary Notice of, 83. 

Beport of the Council, 72. 

Biccd (Prof. A.), Etudes sur les Cr^pusoules 

Roses, 49. 
Richardson (J.) elected, 61. 
Bichard*s Thermograph, 123. 
Botch (A. L.) elected, 61. 
Rowell (Dr. T. I.), Meteorology of the 

Straits Settlements, 212. 
Rules under which Papers are accepted by 

the Society, 81. 

Schlich (Dr. W.) elected, 211. 
Scott (R. H.}, Note on a Sudden Squall, 
January 18th, 1886, 292. 

Presidential Address, ~ 



Climatology of the Sea, 65. 



Sea, Climatology of, 65. 

Sheward (R.)elected, 61. 

Sinclair (A. W.), Results of Meteorological 

Observations made in Selftngor, Malay 
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Smith (R. T.), Results of Solar Radiation 
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Snow, Formation of, 106. 
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Solar Radiation Observations, 1875-1884» 
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Squall, January 13th, 1886, 292. 
StaDley(W.F.), A simple Snow Gauge, 123» 
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the * Chrono-Barometer * and * Ghrono« 

Thermometer,' 1882-84, 115. 

-, The Tornado in Madrid on 



May 12th, 1886, 214. 
Stations, Inspection of, 77. 
Stonyhurst College Observatory, Report 

from, 98. 
Storm at Partenkirohen, Bavaria, October 

15th, 1885, 55. 
Straits Settlements, Meteorology of, 212. 
Sun, Meteorology of , 215. 
Sunsets, 49, 265. 
Sunshine Recorder, 21. 

Taylor (Dr. H. C.) elected, 121. 
Temperature at Eutohing, 213. 
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Separate copies of Papers appearing in the Quart erhj Journal are kept on 
sale, at the Office of the Society, at a price of Sixpence per Half Sheet, or 
portion thereof. The following are Bonie of those on sale : — 

B. d. 
Abeecromby, Hon. Ralph.— On Certain Types of British Weather. 

(Twelve Woodcuts.) 1 6 

Abercromby, Hon. IUlph, and Marriott, W. — Popular Weather 

PrognoBtics. (Five Woodcuts.) 1 

Dines, G. — Dew, Mist and Fog 6 

Eaton, H. S., M.A. — The average height of the Barometer in London 6 

Ellis, W. — ^Brief Historical Account of the Barometer. 2 6 

Glaisher, J., F.R.S. — On the Mean Temperature of every day, at the 

Royal Observatory, Greenwich, from 1814 to 1873. (Woodcut.) 1 6 

Laughton, J. K., M.A. — Historical Sketch of Anemometry and Ane- 
mometers. (Nino Woodcuts.) 2 

Ley, Rev. W. Clement, M.A. — On the Structure of Cirro-lilum, or 

the Ice-Cloud disposed in threads. (Five Woodcuts.) 1 

Harriott, W. — The Frost of January, 1881, over the British Isles. 

(Four Plates.) 1 G 

Harriott, W.— The Great Storm of January 2Gth, 1884. (Five 

Woodcuts.) . 1 

Preston, Rev. T. A., M.A. — Report on the Phenological Observations 

for the year 1885 1 

Scott, R. H., F.R.S. — An attempt to establish a Relation between 

the Velocity of the Wind and its Force (Beaufort Scale.) 1 

Scott, R. H., F.R.S. — Brief Notes on the History of Thermometers G 

Scott, R. H., F.R.S.— Climatology' of the Globe. (Plate.) 4 

Symons, G. J., F.R.S. — Contribution to the History of Hygrometers. 

(Twenty-three Woodcuts) 2 

SvMONs, G. J., F.R.S.— The History of English Meteorological 

Societies, 1823 to 188U. (Woodcut.) 2 6 

Symons, G. J., F.R.S.— The Present State and Future Prospects of 

Meteorology (1882) 1 q 

Tripe, J. W., M.D. — On the Winter Climate of some Enghsh Sea- 
side Health Resorts. 1 q 
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HINTS TO METEOROLOGICAL OBSERVERS, 
With InstmotionB for taking Obseryations, and Tables for their Itedaotion. By 
William Mabbiott, Assistant- Seoretaiy. Price Is. 
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